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ABSTRACT 
 
 
 
 Students who graduate from a practitioner program in prosthetics & orthotics must 
achieve certification in order to obtain licensure and practice independently in 16 states. In states 
where licensure is not mandatory, graduates may choose to pursue certification in order assure 
patients that they are practicing at the highest level as well as to differentiate themselves from 
competitors. While studies have been carried out extensively regarding predictors of success on 
the certification exams in other professions, no such study has been carried out to date in 
prosthetics. 
 The American Board for Certification in Prosthetics, Orthotics, & Pedorthics (ABC), 
established in 1948, historically has been the organization whose standards states adopt when 
wishing to implement licensure law. Therefore, the purpose of this study is to determine if 
statistically significant relations exist the ABC prosthetics certification pass or fail rates as well 
as the 3 exams which comprise certification based on specific predictor variables: gender, 
Carnegie ranking of the institution from where the candidate received the degree, and whether 
the candidate is extending credential. As it specifically relates to this study, credential extension 
refers to adding the certified prosthetist (CP) credential after already possessing the certified 
orthotist (CO) credential.  
 A quantitative, retrospective, secondary data analysis of de-identified prosthetic resident 
data provided by the American Board for Certification in Prosthetics, Orthotics, & Pedorthics 
vi 
(ABC) and the National Commission on Orthotic & Prosthetic Education (NCOPE) was used to 
test the following research questions: Is there a relationship between gender, institution type, 
and/or credential extension and (1) success in achieving ABC prosthetics practitioner 
certification, (2) performance on the ABC prosthetics Written Multiple Choice exam, (3) 
performance on the ABC prosthetics Written Simulation exam, and (4) performance on the ABC 
Clinical Patient Management practical exam? 
 Chi-square analysis, independent t-tests and logistic regression were used for data 
analysis in question 1. In research questions 2, 3, and 4 independent t-tests were used for analysis 
with two-level categorical independent variables and ANOVA was used for the three-level 
categorical independent variable, institution type. Linear regression was used for the models in 
research questions 2, 3, and 4. Statistically significant relations were found in each research 
question between the credential extension predictor variable and the dependent variables, with 
candidates who were extending credential performing better on each of the three examinations 
and, thus, greater success obtaining certification. 
 This study was the first of its kind conducted regarding predictors of success in 
prosthetics certification, conducted with the variables of interest currently available. It served as 
a first step in filling the existing gap regarding this topic in the prosthetics literature. It informed 
the profession of the relationship between available predictors and variables of interest related to 
the ABC prosthetics certification exam. Further, it informed the profession of its status 
concerning collecting additional variables of interest that would permit analysis of more robust 
information, including grades on specific courses of interest, various GPAs and time between 
residency completion and exam date. Additionally, it informed the profession of its status 
concerning such research compared to other health professions with which it seeks to keep pace. 
vii 
 Repeating this study with additional variables and an expanded sample size could 
potentially produce significant results, as has occurred in other professions. Further, additional 
analysis following stabilization of the new Master’s degree and accreditation standards is 
warranted. This line of research has the potential to inform practice and policy in prosthetics 
education and certification. Finally, it will help the prosthetics profession keep pace with the 
other health professions and become a leader in best educational and clinical practices in 
managing patients who utilize prosthetic technologies. 
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CHAPTER ONE: 
INTRODUCTION 
 
Statement of the Problem 
 The American Board for Certification’s (ABC) certification is recognized as the most 
rigorous credential in the prosthetic and orthotics professions (About ABC, n.d.). Students who 
graduate from a practitioner program in Prosthetics & Orthotics must pass ABC certification in 
order to be licensed and become an independent practitioner in 16 states (States, n.d.). In states 
where licensure is not mandatory, graduates may choose to pursue ABC certification in order to 
differentiate themselves from competitors. 
While practitioner programs teach both prosthetics and orthotics curricula, a graduate can 
choose to pursue residency and, subsequently, take the examinations for either or both 
disciplines. Upon successful passing of an ABC certification examination, the practitioner will 
be able to use one of the following designations: CP (Certified Prosthetist), CO (Certified 
Orthotist), or CPO (Certified Prosthetist-Orthotist). The certification examinations are comprised 
of three components: Written Multiple Choice, Written Simulation, and Hands-On Clinical 
Patient Management. (Orthotist and Prosthetist, 2013) 
The National Commission on Orthotic & Prosthetic Education (NCOPE) is the 
accrediting body at the postsecondary and residency levels for the prosthetics and orthotics 
professions. NCOPE’s responsibilities include developing standards for and accrediting orthotics 
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and prosthetics entry-level and residency education programs. They also establish accreditation 
and evaluation procedures in orthotics and prosthetics education. (About NCOPE, n.d.). The 
requirements to be eligible for the ABC certification examination are graduation from an 
NCOPE accredited program and successful completion of a residency program.  
There are a number of factors that can potentially impact pass or fail performance of a 
certification examination. Other professions, including nursing, nurse midwives, athletic training, 
physical therapy, several medical specializations, education, and financial planning have 
conducted studies to assess whether specific variables predict performance on their respective 
certification exams. ACT and SAT scores, cumulative and course-specific GPA, gender, and 
standardized exams (by profession) are examples of predictors of success that have been 
researched for various certification exams. Specific to prosthetics, entry-level academic degree in 
prosthetics and orthotics and whether an individual already has either the CP or CO designation 
and credential extension (whether the candidate has either the CP or CO designation and is 
taking the examination for the other designation) are potential variables.. 
A literature search on predictors of success did not reveal any such studies specific to the 
prosthetics and orthotics professions. Over the past three years, considerable changes have been 
made in prosthetics and orthotics education. The master’s degree became the entry-level degree 
and an outcomes-based format for residencies was introduced in order to maintain professional 
pace with the other health professions (e.g. physical therapist education), and to accommodate an 
expanding body of prosthetic knowledge resulting from increased emphasis on direct patient 
care, thus producing professionals capable of carrying out research and education. The 
expectation is that this will enable prosthetists and orthotists to better serve the profession by 
improving patient care and help to ensure the profession’s survival (Malas, 2006; Nielsen, 
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Altman, Gillespie, & Douglas, 1987; Supan, 1995). However, it is important to analyze variables 
that may be related to certification exam results. Such analysis may facilitate targeted quality 
improvement measures in accurate assessment of professional abilities. Ultimately, 
improvements in this area can only serve to benefit the cadre that will carry out future work in 
the field. 
Purpose of the Study 
 The purpose of this study is to determine if there are significant differences in 
prosthetics certification examination success or failure based on gender, Carnegie ranking of the 
institution from where the candidate received the degree, and whether the candidate is extending 
credential. A review of the literature reveals there has not been a study of this type conducted in 
the prosthetics profession. The outcome of this research will inform the profession, educators, 
students, and the accrediting bodies regarding the potential influence of these factors on success 
or failure on the prosthetics certification exam. It will also serve to inform what information and 
data collection is lacking that could provide more robust information regarding predictors of 
success. Finally, it will inform the profession of its standing compared to the other health 
professions regarding research on predictors of success.  
Significance of the Study 
 While studies regarding predictors of success on certification and licensure exams have 
been conducted in non-health and health-related professions, no such study has been conducted 
thus far in prosthetics. Several prosthetics professionals (Nielsen, Altman, Gillespie, & Douglas, 
1987; Supan, 1995) have argued that both master’s level education and research are necessary 
for the profession’s survival. Malas (2002), in writing about outcome measurement in prosthetic 
and orthotic education, advocated, “a continuum of strategically placed assessment instruments 
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during primary education, clinical preceptorship, residency, certification and continuing 
education may provide long-term data to identify trends in clinical competency and 
performance” (p. 80). However, he conceded that longitudinal studies in that area are sparse and 
further cited cost and individual exam anonymity as potential concerns.  
 It can be argued then that identifying predictors of success on the prosthetics certification 
exam could be equally vital to the survival of the profession. Information garnered from such 
research can assist in identifying students most likely to succeed on the exam, help pinpoint areas 
of concern, and provide information about the structure of the exam.  
 The results from this study will begin filling in the knowledge gaps that currently exist 
regarding predictors of success on the prosthetics certification exam. It can provide preliminary 
insight regarding performance patterns, and may lead to considerations regarding curricular 
decisions, residency decisions, exam preparation, and item selection for the exam. Further, it 
could inform practice and policy in the prosthetics and orthotics professions and would be the 
first study of its kind. 
Background 
 The study of prosthetics dates back to 300 BC. The practice of orthotics is even older to 
approximately 2730 BC (Seymour, 2002). The World Wars and polio epidemic of the 1940s and 
1950s stimulated the greatest contributions to prosthetics and orthotics in the 20th century 
(Hovorka, Shurr, & Bozik, 2002). At that time, however, no formal programs in prosthetics and 
orthotics existed. Knowledge and skill in these professions were taught from individual to 
individual, e.g. similar to apprenticeship. In 1952, the University of California at Los Angeles 
offered a six-week prosthetics-focused course, the first of its kind, based on the collaboration 
between the Veteran’s Administration and the National Academy of Sciences (Hovorka, Shurr, 
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& Bozik, 2002). Shortly thereafter, New York University and Northwestern University added 
similar programs. Prior to discussing prosthetics and orthotics degrees and programs, it is 
important to understand the various organizations that direct the progression of the prosthetics 
and orthotics professions and their specific roles. 
Organizations  
 Candidates wishing to become certified in prosthetics can pursue certification from either 
the Board of Certification (BOC) or the American Board for Certification in Prosthetics, 
Orthotics, and Pedorthics (ABC). Historically, states that have implemented CPO licensure have 
adopted ABC’s standards as the basic requirement, with ABC providing licensure law templates 
and assisting in administering examinations or other services if requested by a state (US 
Certification, 2004). For this reason, ABC certification is the focus of this research.  
 The ABC in prosthetics and orthotics was founded in 1948 (American Board, 2013). The 
ABC is responsible for creating, validating, and administering the prosthetics and orthotics 
certification examinations. These examinations identify those candidates who possess the 
minimum qualifications to practice independently as practitioners.  In 1972, the ABC formed the 
Education Accreditation Commission (EAC) whose objective was management of institutional 
accreditations. In 1991, EAC re-organized and became an independent organization. The EAC 
eventually recommended a stand-alone organization be formed with the purpose of accrediting 
prosthetic and orthotic education programs (Hovorka, Shurr, & Bozik, 2002). This led to the 
formation of NCOPE, which is independent of ABC.  
 NCOPE is the accrediting body for the orthotics and prosthetics professions at the 
postsecondary and residency levels. Its primary mission is the effective education of orthotics 
and prosthetics students at both the entry- and resident- levels, which will ensure that academic 
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and residency programs meet quality standards and graduates entering the profession are 
adequately prepared to practice. NCOPE is independent of the American Academy of Orthotists 
& Prosthetists (AAOP), the professional membership organization, and the American Orthotic & 
Prosthetic Association (AOPA), an organization that allows membership for practices and 
manufacturers (About NCOPE, n.d.).  
 In 1992, prosthetics and orthotics became recognized as an allied health field by the 
Commission on Accreditation of Allied Health Education Programs (CAAHEP). As a result of 
this recognition, the responsibility for accrediting prosthetics and orthotics programs shifted to 
CAAHEP. NCOPE became a subsection of CAAHEP and now assumes responsibility for 
prosthetics and orthotics education (Hovorka, Shurr, & Bozik, 2002). The ABC mandates that in 
order to be eligible to take the certification examination, students must graduate from a 
CAAHEP accredited program and complete an NCOPE accredited residency program (American 
Board, 2013). 
Certification Exam 
 The prosthetics credentialing exam administered by the ABC is written by professionals 
in the field, who certify the content covered accurately reflects current professional practices. 
The ABC works in partnership with Professional Examination Service (PES) to ensure the exam 
questions are psychometrically valid and clearly assess a student’s knowledge and skills 
(American Board annual report, n.d.). The prosthetics certification process is comprised of three 
separate exams (Orthotist and Prosthetist, 2013). Each exam is administered independently, 
described on ABC’s web site as follows:  
1) Written Multiple Choice: Assesses the student’s knowledge of patient and 
practice management. Knowledge assessed includes anatomy, physiology, 
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biomechanics, kinesiology, disease process, pathologies, material science, ethics, 
and professionalism 
2) Written Simulation: Interactive exam that employs seven simulated case scenarios 
to test the student’s analytic and clinical problem solving skills. 
3) Clinical Patient Management: Hands-on practical examination of knowledge and 
skills assessed through direct examiner and patient model interaction in a clinical 
environment.  
Scoring for each exam is as follows (American Board, 2013): 
1) Written Multiple Choice: The passing score for the written examination has been 
recommended by a geographically diverse panel of certified practitioners with 
both clinical and educational backgrounds, who are individually selected by the 
ABC board of directors. This panel, under the guidance of testing experts from 
the contract testing service, recommends a passing score representing the 
minimum level of knowledge that must be demonstrated to pass the examination. 
All examinations are administered and scored by a computer-based system. 
2) Written Simulation: Each simulation problem contains options that are scored as 
clearly indicated or contraindicated in competent practice. In addition, the 
simulated problems contain options that are “appropriate” (without being clearly 
indicated), “neutral” or “inappropriate” (without being clearly contraindicated). 
All simulated problems are scored individually by comparing the candidate’s 
responses with those identified as optimal by content experts. The scores for each 
simulated problem are combined to calculate the total written simulation score. 
Candidates achieving the optimal score select the path identified as the best path, 
avoiding options that detract from the score by being contraindicated or clearly 
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contraindicated in competent practice. The passing point, as determined by the 
expert panel, is fixed to assure that all candidates, who pass, achieve at least the 
minimally acceptable score. 
3) Clinical Patient Management (CPM): CPM scores are determined using a formula 
that weighs each response relative to the ‘judged’ criticality of each item. This 
judgment is developed by a panel of certified practitioners. Clinical examiners 
evaluate a candidate’s performance on each task. The passing point is referenced 
to a criterion with clear, predetermined standards. 
 Exam Standards. 
 
 The prosthetics certification exam standards are set using the criterion-referenced 
method. This method interprets an individual’s score by comparing it to a pre-determined 
performance standard (Gall, Gall, & Borg, 2003). The reasoning for using the criterion-
referenced method is to “maintain an absolute passing level and, thus, level of mastery over time, 
in consideration of protecting the public who will receive services from these practitioners who 
pass the exam” (S. Fletcher, personal communication, November 12, 2013).  
 The Modified Angoff method is most commonly used to set the passing score for the 
prosthetics certification exam. However, the Modified Direct Consensus Method and Range 
Estimation Ratings are also used. Since there are three exams given the method used varies based 
on the exam (S. Fletcher, personal communication, November 12, 2013). The ABC examinations 
and the passing scores are reviewed and revised annually. New exams are administered at the 
beginning of each year (S. Ketevong, personal communication, November 20, 2013). 
 Exam reliability and validity. 
 
 For all ABC written certification examinations, Professional Examination Services (New 
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York, NY) uses the decision consistency estimate (alpha reliability) and KR-20 reliability 
estimate (Wright & Stone, 1999). The decision consistency and Kuder-Richardson Coefficient of 
Reliability (KR-20) (for the Written Multiple Choice) and alpha reliability (for the Written 
Simulation) have been at .85 or above. For the Clinical Patient Management and simulation 
exams, the decision consistency estimate and coefficient alpha reliability estimate are used. This 
has been at or above .70 (S. Fletcher, personal communication, November 15, 2013). 
 Content validity refers to how representative a test is of the knowledge and skills it is 
intended to measure (Ary, Jacobs, & Sorensen, 2010). Information contained in the PES 
Guidelines for the Development, Use and Evaluation of Licensure and Certification Programs 
(1995) states that the company works with credentialing agencies to develop a credentialing 
analysis, an occupational practice analysis, and assessment tools (i.e. the exams). The company 
also conducts validation analysis and ensures that construct-irrelevant variance is minimized. 
Finally, ongoing assessment of the exam, research and evaluation is conducted. Prosthetics 
professionals familiar with the knowledge that a student should possess upon entering practice 
work with PES to write the questions and certify the content covered accurately reflects current 
professional practices. ABC also independently confirmed that the exams are reviewed annually 
(S. Ketevong, personal communication, November 20, 2013), echoing the information contained 
in the PES guidelines.  
Degree Evolution and Transition to the Master’s Degree 
 In 1965, the New York University was the first institution to offer a formal certificate in 
prosthetics, a post-Baccalaureate long course certificate (Hovorka, Shurr, & Bozik, 2002). In 
1970, an ABC-sponsored conference pressed for reforms of the minimum educational 
requirements required prior to taking the certification examination. At that time, only a high 
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school diploma was required to apply for certification. The educational requirements changed in 
the1970s when a high school diploma and three short-term courses became the mandate in 1972, 
and again in 1975, when an Associate’s degree in addition to the three short-term courses, 
became the requirement. In 1980, the minimum educational requirement was raised to the 
Bachelor’s degree in prosthetics and orthotics (Hovorka, Shurr, & Bozik, 2002).  
 As early as 1984, the Education Accreditation Commission, a component of the ABC, 
recommended the transition from a bachelor’s or certificate degree to the Master’s degree in 
Prosthetics and Orthotics (Nielsen, Altman, Gillespie, & Douglas, 1987). In 1990 the Phoenix 
Conference, a meeting of prosthetics and orthotics educators, re-emphasized the need to 
transition to the Master’s degree, citing the following reasons: (1) increase in the body of 
knowledge; (2) need for evidence-based practice; (3) need to address marketplace forces; (4) 
need to meet consumer expectations; (5) greater demand for accountability; and (6) in order to 
keep pace with other allied health professional academic preparation (Malas, 2006). NCOPE 
evaluated and subsequently mandated this change.  
Prosthetics Programs 
 Currently, six colleges and universities offer technician programs where graduates can 
earn certification as orthotic fitters or Orthotic and Prosthetic technicians. These individuals lend 
support to certified practitioners, but are not authorized to practice independently. As such, these 
were not included in this research study.   
 As of 2010, any new practitioner programs were required to be entry-level Master’s 
degrees and any existing accredited programs transitioned by 2012 (Fairley, 2008). Currently, 
nine CAAHEP-accredited academic institutions offer Master’s degrees in Prosthetic and 
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Orthotics with another expected to begin offering the degree in Fall 2014. Of these accredited 
institutions, six are public and three are private.  
 Utzman, Riddle, and Jewell (2007) used the Carnegie classification to group institutions 
in their study on predictors of success on the National Physical Therapy Examination. The same 
method was used in research question 3 of this study, which will be presented later in this 
chapter. Therefore, using the Carnegie Classification of Institutions of Higher Education 
(Carnegie Classifications, n.d.), of the currently-accredited institutions offering Master’s degrees, 
four fall into the classification of Research Universities with very high research activity 
(RU/VH), three are qualified as Master’s colleges and universities - larger programs (Master’s 
L), two are categorized as special focus institutions – medical schools and medical centers 
(Spec/Med), and one is defined as a Baccalaureate/Associate’s college (Bac/Assoc). St. 
Petersburg College, the Baccalaureate/Associate’s college, partnered with Florida State 
University in order to be able to offer a Master’s degree. Students earn their Bachelor’s of 
Applied Science in Orthotics and Prosthetics at St. Petersburg College, then matriculate to 
Florida State University to earn the Master’s degree in Industrial Engineering with specialization 
in Engineering Management of Prosthetics & Orthotics (Management, n.d.). It is, however, St. 
Petersburg College that holds the CAAHEP accreditation (List of schools, 2013). 
  Three institutions are phasing out the post-baccalaureate certificate. Northwestern 
University and Newington Certificate Program School enrolled the final class in 2013. Century 
Community and Technical College is offering the certificate for credential extension only 
through 2014. Newington partnered with the University of Hartford for the Master’s degree. 
Table 1 summarizes the institutions offering Master’s degrees and post-baccalaureate 
certificates.  
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Table 1 
 
Practitioner programs 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Source: NCOPE web site, as of March 22, 2014.  aProgram available for enrollment for credential extension through 2014. 
bProbationary accreditation. cMaster’s Colleges and Universities (larger programs). dAssociate’s—Public Suburban-serving Single 
Campus. eResearch University/Very High Research Activity. fSpecial Focus Institutions-Medical schools and medical centers.  
gBaccalaurate/Associate’s Colleges. 
 
Institution Geographic 
Location 
Control Carnegie 
Classification 
Post-Baccalaureate 
Certificate 
Master’s
Degree 
California State University, 
Dominguez Hills 
Long Beach, CA Public Master’s Lc  X 
Century College White Bear Lake, 
MN 
Public Assoc/Pub-S-SCd  Xa  
Eastern Michigan University Ypsilanti, MI Public Master’s L    Xb 
Georgia Institute of Technology Atlanta, GA Public RU/VHe   X 
Loma Linda University Loma Linda, CA Private Spec/Medf   X 
Northwestern University Chicago, IL Private RU/VH  X 
St. Petersburg College St. Petersburg, FL Public Bac/Assocg  X 
University of Hartford West Hartford, CT Private Master’s L  X 
University of Pittsburgh Pittsburgh, PA Public RU/VH  X 
University of Texas 
Southwestern Medical Ctr. 
Dallas, TX Public Spec/Med  X 
University of Washington Seattle, WA Public RU/VH  X 
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Transition to Outcomes-Based Residency 
 As a result of the transition to the Master’s degree as the entry level degree, CAAHEP 
converted to an outcomes-based evaluation for academic programs in 2007 (Malas, 2002). 
Additionally, NCOPE adopted a change to its residency standards from hours-based to 
outcomes-based in 2011 (NCOPE and the residency, 2012).  The change became effective 
January 1, 2012 (Annual Report, 2011). While the recommended length of residency remained at 
minimum 37.5 hours per week for 12 months, the competencies that a resident must achieve 
include managing patients with transtibial, transfemoral, upper limb, Syme’s, and/or partial feet 
prosthesis as well as post-operative care (Standards of Accreditation, 2011). The first cohort of 
residents under the outcomes-based regulation took the certification examination in Summer 
2013. 
 Despite the changes in prosthetics and orthotics academic and residency education, to 
date there has not been any research investigating the fundamental questions regarding success 
on the prosthetics certification examination. Based on the lack of previous research in this area 
and the data available from NCOPE and ABC, this study sought to answer the research questions 
outlined in the following section. 
Research Questions 
RQ1: Is there a relationship between gender, institution type, and/or extending credential and 
success in achieving ABC prosthetics practitioner certification? 
RQ 2: Is there a relationship between gender, institution type, and/or extending credential and 
performance on the ABC prosthetics Written Multiple Choice exam? 
RQ 3: Is there a relationship between gender, institution type, and/or credential extension, and 
performance on the ABC prosthetics Written Simulation exam? 
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RQ 4: Is there a relationship between gender, institution type, extending credential and 
performance on the ABC Clinical Patient Management practical exam? 
Limitations 
 This retrospective study will utilize data sets provided by ABC and NCOPE. One 
potential limitation of this study design is the provision of the data set from a secondary source. 
It relies on the other parties’ collection and accuracy of the records. The type of information 
collected by NCOPE and ABC is limited. Studies that were identified as part of the literature 
review for this study revealed that variables of interest such as entrance exam scores and GPA 
were available for predictors of success studies in other professions. However, at the current time 
neither NCOPE nor ABC capture such information. 
 Due to the retrospective study design, the study is bound to historical occurrences that 
cannot be modified. It is not possible to control factors such as the type of candidates who have 
taken the exam, the time between completing residency and taking the exam, how the exam was 
administered, and other factors that could potentially affect outcome variables. Also, no 
intervention has been included in the study design.  
Numerous extraneous variables could be further limitations in this study. For example, it 
is possible that within the group of prosthetic residents who have taken the certification exam, a 
component of these individuals may have acquired a longer work history in the field prior to 
entering the academic setting. This could possibly provide these residents with an advantage 
when taking the exam. Since students are not required to take the certification examination 
immediately after completing residency, this gap in time could also potentially affect test scores. 
Therefore, the fact that neither the ABC nor NCOPE track variables such as prior work history in 
their respective databases could also pose a limitation. 
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Delimitations 
 The study analyzed data from several groups of students who completed their prosthetics 
residency and took the ABC prosthetics certification examination in 2011 and 2012. The 
prosthetics and orthotics professions are often discussed jointly since the academic degree is 
offered jointly. However, this study specifically analyzed only prosthetics data. 
Definition of terms 
Candidate: The term used to describe a student who graduated from a prosthetics and orthotics 
program, successfully completed residency, and is eligible to take the ABC prosthetics 
certification exams. 
Competency(ies): A specific range of skill, knowledge and ability to do something, especially 
when measured against a standard. (Standards of accreditation, 2011) 
Credential Extension or Extending Credential: The term used to describe when an individual 
already has the certified prosthetist (CP) or certified orthotist (CO) designation and takes the 
certification exam for the designation not already held. For purposes of this study, candidates 
possessed the CO designation and were taking the prosthetics certification exam to extend their 
credential with the CP designation. 
Orthotics: The science and practice of evaluating, measuring, designing, fabricating, assembling, 
fitting, adjusting, or servicing an orthosis under a prescription from a licensed physician, 
chiropractor, or podiatrist to correct or alleviate neuromuscular or musculoskeletal dysfunction, 
disease, injury, or deformity. (Glossary, n.d.) 
Orthotist: Individual who measures, designs, fabricates, fits, or services orthoses as prescribed by 
a licensed physician, and who assists in the formulation of an orthosis to support or correct 
disabilities. (Orthotic care FAQs, n.d.) 
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Practitioner: The term to describe someone who obtains certification in prosthetics and/or 
orthotics, resulting in CP, CO or CPO credentials. 
Prosthetics: Science and practice of evaluating, measuring, designing, fabricating, assembling, 
fitting, adjusting, or servicing prosthesis under an order from a licensed physician (Glossary, 
n.d.) 
Prosthetist: Individual who measures, designs, fabricates, fits, or services prosthesis as 
prescribed by a licensed physician, and who assists in the formulation of the prosthesis 
prescription for the replacement of external parts of the human body lost due to amputation or 
congenital deformities or absences. (Glossary, n.d.) 
Residency: Formal training undertaken by a prosthetics & orthotics graduate subsequent to 
completing their education, and prior to being eligible for the certification examination. 
(Standards of accreditation, 2011) 
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CHAPTER TWO: 
 
LITERATURE REVIEW 
 
 
 
 Evaluating independent variables to determine if any relationship exists between these 
variables and success on a certification examination has been researched in other disciplines with 
varying purposes. Depending on the variables analyzed, such analysis can assist with the 
determination of whether certain students are more likely to succeed in a given field. The 
analysis can also help inform policy, make curricular or accreditation recommendations, and 
structure exams.  
At the present time, no such study has been conducted in the professions of prosthetics 
and orthotics. This study focused on the prosthetics discipline and evaluate the independent 
variables of gender, Carnegie classification of the institute from which students received their 
degrees, and credential extension to determine if any are predictors of success on the prosthetics 
certification examination. Further, scores on each of the prosthetics exams will be evaluated to 
determine if any relationship exists between each sub-score and success on the prosthetics 
certification examination. 
The literature review will discuss and evaluate different studies conducted regarding 
predictors of success. It will be organized by academic discipline to provide a chronology 
regarding the specific studies conducted within each particular field. Finally, the literature review 
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will conclude with a discussion of current related literature in prosthetics and orthotics and 
identification of any gaps in the literature. 
Search Strategy and Inclusion/Exclusion Criteria 
 Articles regardless of publication date were admissible to the literature review as long as  
the article discussed a study or analysis of predictors of success. Academic Search Premier 
(1975-present), CINAHL (1981-present), ERIC (EBSCO, 1966-present), PubMed (1947-
present), SPORTDiscus (1800-present), and Web of Science (formerly Web of Knowledge, 
1900-present) databases were searched for relevant literature. Additionally, a Google Scholar 
search was conducted to identify any articles not captured by the six databases and ProQuest was 
searched for relevant dissertations. The following search terms were used with wildcard 
operators to capture the most results possible: board exam, certification exam, credentialing 
exam, licensure exam, predictors of success, predictors, and success. For purposes of this paper, 
the term “certification exam” will be used. A manual search was also conducted by reviewing the 
reference list of each article located to find other related articles of interest. 
 All academic disciplines were included. Studies that evaluated variables to predict 
success in an academic program in addition to certification exam were included. However, if the 
assessment was only to predict performance in the academic program, it was excluded, as this is 
not the intent of this paper. Several qualitative studies that examined students’ perceptions of 
certification exams but did not conduct an analysis regarding possible predictors of success were 
also excluded. Further, no study was excluded based on the types of variables analyzed.  
Health Professions 
Health professionals must be prepared to react quickly in fields where split-second 
decision-making is common and where decisions undertaken can be the difference between life 
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and death. Any health profession involves the care of a human life and, as such, practitioners 
must demonstrate competence. Of 236 articles retrieved for this literature review, 217 were in the 
fields of nursing, nurse anesthetists, family nurse practitioners, and nurse midwives (155), 
various medical disciplines (37), physical therapy (14), dentistry or dental assistant (6), and 
emergency medical technicians (5).  
Nursing. 
One hundred forty-five articles located as part of this literature review were related to 
predictors of success on the nursing licensure exam. Some articles (Glick, McClelland, &Yang, 
1986, Jenks, Selekman, Bross, & Paquet, 1989, and Beeman & Waterhouse, 2003) cite applicant 
quality and subsequent shortage of nurses as potential reasons why evaluating predictors of 
success related to the nursing licensure exam is so critical. If factors that more accurately predict 
success on the nursing certification exam can be identified, programs can develop more selective 
admissions requirements based on academic achievement data. The expectation would be that a 
more appropriate cohort of students would succeed on the nursing licensure exam. 
Glick, McClelland, and Yang (1986) conducted a study to investigate if a relationship 
existed between admission selection variables and achievement in a baccalaureate nursing 
program. As a secondary goal, they investigated whether success in clinical nursing courses 
predicted performance on the National Council Licensure Examination for Registered Nurses 
(NCLEX-RN). It was this second goal which enabled this article to be relevant to this research 
question. The independent variables used included high school rank, American College Testing 
(ACT) composite and subscores (English, Natural Sciences, Social Sciences, and Math), 
chemistry grade point average (GPA), biological sciences GPA, social sciences GPA, and all 
pre-nursing courses GPA. The criterion variables were grades in the required clinical nursing 
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courses, cumulative nursing GPA, and NCLEX-RN scores. The cumulative nursing GPA was 
comprised of five clinical courses (designated as Nursing I-V), a pathology course, and one on 
social foundations of nursing. The authors found statistically significant correlations between 
ACT composite score and Clinical Nursing Course I, ACT Math score and Clinical Nursing 
Courses II and IV and Foundations of Nursing course, Chemistry GPA and Pathology nursing 
course, and social science GPA and nursing GPA. There was no statistical significance (p>.05) 
between any of the predictor variables and NCLEX-RN. In a stepwise multiple regression, only 
nursing course III demonstrated a statistical significance when NCLEX-RN was used as the 
dependent variable. 
The study’s second objective was to determine the “extent to which achievement in 
clinical nursing courses predicted performance on the NCLEX-RN” (Glick, McClelland, & 
Yang, 1986, p. 98). The authors found a statistically significant correlation between grades in 
clinical nursing courses I through IV (p≤.01) and NCLEX-RN performance. Additionally, 
Pathology grades correlated significantly with NCLEX-RN performance at p<.05. 
Jenks, Selekman, Bross, and Paquet (1989) investigated whether there was a relationship 
between different variables and success on the NCLEX-RN. In addition, the authors were 
interested in assessing whether there was a point in time when an intervention could be applied 
to aid a student’s success on the NCLEX-RN. This retrospective study utilized a convenience 
sample of graduating seniors from a baccalaureate nursing program. All students in this nursing 
program completed their first two years at another college or institution, and transferred to the 
nursing program in this study to complete their junior and senior years. Therefore, several 
independent variables included in this study were related to the previous institution, including: 
previous institution GPA, number of transfer credits, previous institution science GPA, and level 
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of previous institution attended (2-year or 4-year). Additionally, grades for the six consecutive 
clinical nursing courses, age at graduation, gender and raw score on the Mosby ASSESSTEST 
were used as independent variables. The Mosby ASSESSTEST is a standardized examination 
which assesses knowledge and is administered during the students’ senior year (Foti & 
DeYoung, 1991). No studies were identified that discuss the reliability and validity of Mosby 
AssessTest. Score on the NCLEX-RN was the only dependent variable.  
The Mosby ASSESSTEST demonstrated the strongest correlation (r=.73, p<.0001) with 
the NCLEX-RN, followed by the first five clinical nursing courses. A stepwise regression using 
NCLEX-RN as the dependent variable was included to determine if the independent variables 
associated with a specific point in time were predictors of NCLEX-RN success. Three distinct 
points in time were identified: at entrance to the program, at the end of junior year, and at 
graduation. At the entrance, the predictor variables included were related to the previous 
institution: previous institution GPA, number of transfer credits, previous institution science 
GPA, and level of previous institution attended (2-year or 4-year). The regression analysis 
revealed these variables minimally explained the variance (R2=.15) between the entrance point 
variables and NCLEX-RN success. At the second point in time, end of junior year, the first three 
nursing courses, as well as, age were included as independent variables. With the inclusion of 
these variables, a greater explanation of the model was seen with an increase in the R2 to .475 (an 
increase of .320). Finally at the time of graduation, nursing courses II through V, Mosby 
ASSESSTEST and gender are factored in, resulting in an R2 of .62. 
Using the aforementioned three points in time, the authors investigated the accuracy of 
predicting which students would pass or fail the NCLEX-RN. At time point 1 (entrance), 62.86% 
of students who passed the NCLEX-RN were correctly identified. At time point 2 (end of junior 
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year), 78.57% of students who passed the NCLEX-RN were correctly identified. At time point 3 
(graduation), 84.86% were correctly classified as passing this exam.  
This study’s results indicated the earlier predictors, i.e. those carried over from the 
previous institution, were not good predictors of a student’s likelihood of success or failure on 
the NCLEX-RN. The inclusion of clinical nursing courses (later two time points), were far more 
accurate predictors. Although more accurate in predicting success or failure, these time points 
are later in the student’s academic preparation where it is maybe to late to intervene.  
Froman and Owen (1989) investigated direct and indirect influences of selected student 
characteristics and achievement in both liberal arts and nursing courses on success on the 
NCLEX-RN. Their work involved path models to describe relationships between the following 
variables - student age, Scholastic Aptitude Test (SAT) quantitative, SAT verbal, transfer status, 
non-nursing GPA, nursing course GPA, and nursing clinical GPA. Student age, SAT quantitative 
and SAT verbal were labeled “entry characteristics.” Non-nursing, nursing course, and nursing 
clinical GPAs were referred to as “instructional behaviors.” The NCLEX-RN score was the 
“learning outcome” (Froman & Owen, 1989).  
The results of this study were presented in “significance of path coefficients,” with 
significance level set at p<.05. Age was the only ‘entry characteristic’ that developed direct paths 
to GPAs, specifically to general GPA and nursing GPA. Only nursing GPA showed a significant 
path to NCLEX. Neither quantitative nor verbal SAT score produced any path coefficients of 
significance. However, in the cross-validation model, age was shown as a direct path to NCLEX, 
as well as, influencing nursing clinical GPA through transfer status. While causality cannot be 
inferred, the authors discuss possible theories regarding age as a predictor of specific variables. 
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They propose older students have a longer work history and, therefore, possibly specific 
knowledge that results in a better performance on the NCLEX-RN exam.  
In a study by Foti and DeYoung (1991) predicting success on the NCLEX-RN, the 
authors evaluated single and combinations of variables that could best predict success on the 
licensure exam. The independent variables were overall GPA, GPA in the major, GPA in science 
pre-requisites, SAT verbal and quantitative scores, National League for Nursing Achievement 
Test (NLN) achievement test scores, and Mosby ASSESSTEST score. GPA in the major 
included all nursing courses, psychology, science, nutrition, and statistics. GPA in science was 
calculated by using the grades in anatomy and physiology, microbiology, chemistry courses, and 
genetics. The dependent variable was NCLEX-RN success or failure. 
The results of this retrospective correlational study revealed a positive correlation (r=.66) 
between the Mosby ASSESSTEST and NCLEX-RN. Overall and Major GPA demonstrated a 
moderate correlation (r=.59). Other correlations ranged from low to moderate included NLN 
Achievement Test (r=.51), SAT verbal (r=.46), science GPA (r=.28) and SAT quantitative 
(r=.15). All variables were statistically significant at p=.0001 with the exception of SAT 
quantitative (p=.06). Multiple regression analysis found the combination of variables, Mosby 
ASSESSTEST and SAT verbal moderately predicted NCLEX-RN success (R2=.46, p=.0001). 
The addition of overall GPA minimally improved the model, R2 to .49 (p=.0001). Given the 
underlying premise of this outcome measure, overall GPA makes sense as a predictor of success 
on the NCLEX-RN, a test which assesses what has been learned through their nursing studies.  
Barkley, Rhodes, and Dufour (1998) investigated predictors of success on the NCLEX-
RN. Their independent variables were GPA, ACT scores, SAT scores, and grades in various 
nursing courses. The NLN Achievement Test scores were this study’s dependent variables. Adult 
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Health Nursing I and II, Psychiatric Mental Health Nursing, Obstetric Nursing, Pediatric 
Nursing, and Nursing Care of the Critically Ill were selected as independent variables and 
contained content that closely paralleled the NCLEX-RN content. The NLN Achievement Test 
scores used included the psychiatric, obstetric, pediatric, and adult NLN components (Barkley, 
Rhodes, & Dufour, 1998). The results found correlations between how a student performed on 
the NCLEX-RN and their performance in the pediatric nursing course (r=.59), NLN Adult 
achievement test (r=.59), psychiatric mental health nursing course (r=.58), NLN Psychiatric test 
(r=.52), NLN Obstetrics test (r=.52), both Adult Health Nursing courses (r=.49 and .47), Nursing 
Care of the Critically Ill course (r=.45), and the NLN Pediatric achievement test(r=.42). Finally 
the study found the greater number of “C” grades a student earned, the higher the likelihood of 
failing the NCLEX-RN. Chi square value for one C was 21.77, for two Cs 27.76, and three Cs 
44.01 (p=.000 for all three). 
 The authors developed a risk appraisal instrument (RAI). This instrument used data from 
school records and was designed to provide nursing educators with an assessment tool to 
determine a student’s risk of failing the NCLEX-RN. The authors utilized an assignment of 
weight for each RAI item, a simpler approach as compared to regression analysis. Regarding the 
use of this approach, the authors state that, “nursing educators may easily develop similar 
instruments or adaptations...more appropriate to their school’s program of studies” (Barkley, 
Rhodes, & Dufour, 1998, p. 135). 
 Also in 1998, Arathuzik and Aber conducted a study regarding predictors of success on 
the NCLEX-RN. Part of their focus included non-academic factors that could influence the larger 
ethnic diversity of students enrolled at a public institution. The authors gathered demographic 
and academic data, as well as self-efficacy information from the convenience sample of students 
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in an urban public university’s nursing program. While five variables proved significant (p=.05), 
they demonstrated a weak correlation to NCLEX-RN success. The significant variables were 
undergraduate program cumulative GPA (r=.28), English as primary language (r=.25), external 
distractor family demands (r= -.29), internal distractor emotions (r= -.24), and sense of 
competency when taking exams that require critical evaluation and thinking (r=.25). Family 
demands and personal emotions had a negative correlation with success on the NCLEX-RN. 
 Beeson and Kissling (2001) conducted a study using type of student (freshman, transfer, 
or second degree), age, gender, performance on selected prenursing courses, performance in all 
junior and senior nursing courses, cumulative GPA at graduation and Mosby AssessTest score as 
predictors of success on the NCLEX-RN.  The Mosby AssessTest score, and several GPAs 
(cumulative, sophomore, junior, senior, nursing courses, biology and physiology) were 
significant (p<.0001). GPA on sociology and psychology cognate courses was significant at 
p=.0018. 
  A study by Beeman and Waterhouse (2003) focused on post-graduation factors 
influencing success on the NCLEX-RN. The authors noted the majority of studies focused on 
academic predictors. They postulated various factors can affect as student’s performance on the 
NCLEX-RN based on the interim between program completion and taking the exam. The authors 
developed their own data instrument and used a convenience sample of students from their 
academic institution, who graduated from the baccalaureate nursing program. Demographic data 
(e.g. marital status, children), hours worked, study materials used, and number of hours studied 
were collected as independent variables.  Results of the descriptive correlational design study 
revealed a strong correlation between total number of hours studied and passing the NCLEX-RN 
(r =.65, p≤.02). The number of hours studied in the week prior to the exam demonstrated a 
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moderate correlation (r=.55, p≤.045) and passing the NCLEX-RN. Finally, studying new 
nursing-material actually had a negative effect (r= -.77, p≤.005) on NCLEX-RN success. In 
other words, studying new nursing material was associated with a higher failure rate. The 
following variables did not have a significant correlation success or failure on the NCLEX-RN: 
time gap (in weeks) between finishing coursework and taking the exam, taking a review course, 
number of hours worked, exercise, sleep, major life events, stress, or demographic variables.  
 Yin and Burger (2003) studied success on the NCLEX-RN by graduates from an 
associate degree in nursing program, using age at admission, gender, race, type of student, high 
school GPA, high school class rank, ACT composite score, college GPA, number of credit hours 
prior to entering the program, GPA at graduation, and performance on non-nursing courses (e.g. 
anatomy and chemistry). College GPA prior to admission (p<.024), college natural science GPA 
(p<.018), introductory psychology grade (p<.002) proved statistically significant.  
 Glick, McClelland and Yang (1986), Froman and Owen (1989), and Foti and DeYoung 
(1991) evaluated predictors of success on the first iteration of the NCLEX-RN. Wall, Miller, and 
Widerquist (1993) built on that work, and evaluated predictors of success on the NCLEX-RN #2. 
High school rank, SAT scores, grades for pre-nursing and nursing courses, NLN and Mosby 
AssessTest scores were used as variables of interest.  High school rank (p<.05), nursing GPA 
(p=.000) and NLN scores (basic, mental health, and childbearing, all p=.000) proved significant 
predictors.  
 Zaglaniczny (1992) evaluated 13 academic, demographic and pre-admission factors to 
predict registered nurse anesthesia students’ success on the national certification exam (NCE). 
Students in this profession must pass the NCE in order to obtain the designation- Certified 
Registered Nurse Anesthetist (CRNA). The independent variables of interest analyzed were age, 
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gender, science and overall GPA, length and type of nurse anesthesia program, number of cases, 
case hours, clinical background before entry, type of nursing preparation, years of clinical 
nursing experience, number of science hours in an anesthesia program, and highest degree 
obtained before entry into the nurse anesthetist program. The dependent variables were overall 
score on the NCE and seven NCE sub-component scores, (basic sciences, assessment, 
preparation and planning, implementation, specialty procedures, equipment, and safety 
measures) (Zaglaniczny, 1992). The author conducted a stepwise multiple regression analysis 
and discovered that seven of the 13 independent variables were predictors of overall examination 
score, including science GPA (R2=.239), highest degree attained (R2=.248), gender (R2=.256), 
case number (R2=.261), age (R2=.263), years of experience (R2=.267), and overall GPA (R2 = 
.271). The science GPA accounted for 24% of the variance in the overall examination scores and 
all other variables combined accounted for 3% variance. Therefore, the remaining 73% is still 
unknown. A negative correlation existed between age and overall exam score; younger students 
(mean age 31.39) tended to score better than older students (mean age 32.75).  The study found 
students with a baccalaureate degree in nursing scored higher on the overall exam than students 
with a diploma or associate degree in nursing. The mean score for students with a baccalaureate 
degree was 489.97, as opposed to students with a diploma or associate degree, who scored on 
average 480.18 and 480.37, respectively. Students enrolled in a master’s or baccalaureate nurse 
anesthetist program scored higher, 490.13 and 491.65, respectively, than those enrolled in a 
certificate program, whose average score was 481.25. The use of sub-component scores as the 
dependent variables found gender and science GPA were consistent predictors for each of the 
sub-component scores (p<.01), followed by age and highest degree earned. For example, highest 
degree attained was predictive in three sub-components (assessment, preparation, and 
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implementation), while age was a predictor for the basic science subscore, preparation, 
implementation, and specialty procedures. The p-value for all relationships was p<.01. 
Studies have also been conducted regarding predictors of success in practical nursing. 
Practical nurses receive a practical degree as opposed to the professional registered nursing 
degree. They must provide patient care under the direct supervision of a registered nurse 
(Greenwood, n.d.). Students in this field take the NCLEX-PN. Lamm and McDaniel (2000) 
evaluated demographic, academic, and aptitude variables for their ability to predict success on 
the NCLEX-PN. The aptitude variables were collected from the standardized pre-admission 
Psychological Services Bureau (PSB) Aptitude for Practical Nursing Examination, which is 
given to all program applicants. The PSB subcategories are: General Mental Ability (GMA), 
Spelling (SP), Natural Sciences (NS), Judgment in Practical Nursing Situations (JU), and 
Personal Adjustment Index (PAI). Results of this retrospective study revealed the only 
statistically significant demographic variable was race (p<.001). The two racial groups were 
white and African American. Results showed that the number of students failing the NCLEX-PN 
was higher in the African American group. However, when all independent variables were 
considered, race did not prove to be a significant factor. Academic variables, overall GPA and 
Anatomy & Physiology I and II grades, correlated with success on the NCLEX-PN with overall 
GPA demonstrating a moderate correlation (r=.43, p<.001). Of the aptitude variables, all 
subcategories were statistically significant, with GMA having the modest correlation (r=.34, 
p<.001). 
Physical Therapy. 
In the Physical Therapy (PT) profession, Roehrig (1988) conducted a study regarding 
predictors of performance on the physical therapist licensing examination based on variables 
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identified at time of application to a PT program. The premise for this study was based on the PT 
programs receiving a greater number of applicants than can be accommodated into the available 
positions; therefore, a mechanism was needed to select the most qualified candidates.  
The independent variables of interest were at a time point prior to program admission, 
Roehrig selected ACT or SAT overall and subcomponent scores, prerequisite GPA, non-
prerequisite GPA, scores from pre-admission letters of recommendation, and interview score. 
Equivalence between the ACT and SAT scores was provided by the testing center at the author’s 
academic institution. The dependent variable was the overall score on the Professional 
Examination Service (PES) physical therapist licensing examination.  
The hierarchical multiple regression conducted revealed that overall ACT score plus both 
GPAs (pre- and non-prerequisite) were statistically significant (p<.001) predictors of success on 
the PES exam with R2=.32. The addition of the interview component to this model was also 
statistically significant (p<.05). With the addition of the interview component, R2 increased to 
.34. Similarly, ACT subscores plus both GPAs were significant (p<.05, R2=.31) alone, as well as 
when interview scores (p<.05, R2=.32) were factored in. When ACT composite score, 
prerequisite GPA only, and interview score were run in the regression analysis, it yielded a 
statistically significant result (p<.001, R2=.31) of predicting success on the PES exam. 
Combining ACT subscores instead of composite score, prerequisite GPA, and interview was 
significant (p<.05 and R2=.29) predicting success on the PES exam. 
The intention of this study differed from others analyzed in this literature review, as pre-
admission variables were the independent variables of choice. Unlike the medical professions 
studies, no in-residency exam either exists or was used as a predictor of success on the 
certification exam. The intention of this type of analysis was to select candidates most likely to 
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succeed in a physical therapist academic program. Unfortunately, it does not provide a parallel to 
prosthetics because physical therapists are licensed prior to their residency education.  
Utzman, Riddle, and Jewell (2007) used demographic data, undergraduate GPA, and 
Graduate Record Examination (GRE) verbal and quantitative scores to determine if these 
variables were accurate predictors of success or failure on the National Physical Therapy 
Examination (NPTE). Twenty physical therapist programs provided the de-identified 
demographic data, undergraduate GPA, and GRE scores. The Federation of State Boards of 
Physical Therapy (FSBPT), responsible for administration of the NPTE, provided the de-
identified NPTE scores.  
The authors used hierarchical logistical regression in order to enter variables in a pre-
determined order. The first variables entered were related to academic program, such as program 
name, year graduated, and degree level, to account for variability among programs and 
applicants over the four years (2000-2004) from which this study’s sample came. Next entered 
were age and gender, followed by undergraduate GPA, GRE verbal, and GRE quantitative. In the 
hierarchical logistic regression, undergraduate GPA, GRE verbal, and GRE quantitative all were 
statistically significant (p<.001) in predicting success or failure on the NPTE. 
In addition, the authors sought to determine if an institution’s Carnegie classification or 
geographic region would impact the results. Due to the smaller sample size (N=20),they 
conducted simple logistic regression (Utzman, Riddle, & Jewell 2007). While Carnegie 
classification did not prove statistically significant, geographic location was (p>.001), with 
students in programs in the south demonstrating a 1.8 times greater odds of failing the NPTE as 
compared to students in the northeast. Race was statistically significant, with Asian/Pacific 
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Islander (p<.001), African American (p=.002), and other (p=.02) more likely to fail. Neither 
gender nor age was statistically significant in predicting NPTE success or failure.  
The search for predictors of success on licensure exams yielded a thesis by Taylor 
(2012), who investigated predictors of success for the NPTE. The thesis was completed as part of 
the University Honors Scholars Program at East Tennessee State University. This study used the 
independent variables GRE score and graduate GPA and the dependent variable was the NPTE 
score. The results indicated a weak positive correlation (r=.21) between GRE and NPTE score, 
and a moderate positive correlation (r=.54) between graduate GPA and NPTE score. The author 
noted the only relationship with statistical significance was between graduate GPA and NPTE 
score and, thus, a regression equation was calculated for these two variables; however, the level 
of statistical significance was not defined for this study. 
 Medicine. 
 
Herndon, Allan, Dyer, Jawa, and Zurakowski (2009) evaluated potential predictive 
variables for success by physicians on the American Board of Orthopaedic Surgery (ABOS) 
certification examination. The ABOS certification examination is divided into two parts, referred 
to as ABOS Part I and ABOS Part II. In addition to sitting for the ABOS exam, residents in 
orthopedic surgery must also pass the Orthopaedic In-Training Examination, or OITE. The 
authors compiled mean percentile score on the OITE for years 2 through 4 of training, the OITE 
score for year 5, United States Medical Licensing Examination (USMLE) step 1 score, election 
to Alpha Omega Alpha (national medical honor society), number of honors received during 
clinical years in medical school, Dean’s letter, and faculty evaluations of resident performance. 
This study did not evaluate age or gender as predictors of success. (About Alpha, n.d.). 
Statistically significant (p<.05) predictors of success on the ABOS Part I included OITE score in 
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the final year, number of honors, Dean’s letter, mean percentile on years 2-4 OITE, Alpha 
Omega Alpha membership, and USMLE score. The following variables predicted ABOS Part II 
outcome: Mean percentile OITE in years 2 through 4 (p=.02) and OITE in the last year of 
training (p<.001), Dean’s letter (p=.003), number of clerkship honors (p=.006), and membership 
in Alpha Omega Alpha (p=.04). A limitation of this study was that the authors did not describe 
the structure or knowledge elements of ABOS parts I and II examinations as others have 
previously done (McClintock & Gravlee, 2010). One possibility for this omission is that the 
audience to whom they were writing is already familiar with the exam components. However in 
reading the article with no point of reference, the lack of information is limiting. Having the 
information would allow the reader additional insight, and possibly, the ability to make further 
inferences and analyses for why some students pass while others fail.  
Shellito, Osland, Helmer, and Chang (2010) examined a unique combination of 
independent variables to identify if any were predictors of passing on the first attempt the 
American Board of Surgery (ABS) qualifying (QE) and certifying examinations (CE) in general 
surgery. The qualifying (written) and certifying (oral) examinations comprise the two-step 
process to becoming certified by ABS (De Virgilio et al., 2010). In this study, the independent 
variables were age, sex, Alpha Omega Alpha Honor Medical society status, class rank, honors in 
third-year surgery clerkship, interview score, rank list number, National Board of Medical 
Examiners/United States Medical Licensing Examination (NBME/USMLE) step 1 and step 2 
scores, American Board of Surgery In-Training Examinations (ABSITE) scores, resident awards, 
and faculty evaluations of senior residents. There were no significance differences between 
gender and first time pass rates. In younger individuals, age proved significant (p<.023) in first-
time pass rates of both QE and CE. Those who passed had a mean age of 27.1 years versus a 
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mean age of 28.8 for those who failed. Steps 1 and 2 scores proved significant in predicting the 
first time pass rate. When divided by quartile, step 1 scores were significant at p=.05. When the 
cohort scores were divided by top and lower 50% the significance was p=.01. Step 2 quartile 
scores were significant at p=.05 and at p=.012 when divided by top and lower 50% scores.  
Statistically significant ABSITE scores (all values p≤.01) were seen for residents 
regardless of residency year or score breakdown (quartile vs. top 50%/bottom 50%). Other 
significant variables (p≤.05) in this study included resident awards, Alpha Omega Alpha status, 
and class rank within the top one-third.  
Also in 2010, De Virgilio et al. conducted a multi-institutional study to evaluate whether 
certain variables could serve as predictors of failure on the ABS qualifying and certifying 
examinations. The following independent variables were used:  
medical education (US vs. non-US medical school), US vs. non-US citizens, US Medical 
Licensing Examination (USMLE) Steps 1 and 2 scores, ABSITE scores (reported as 
national percentiles) for each postgraduate year (PGY), ABSITE score during the chief 
year (the score residents achieved in their final year of residency), final total major 
operative case volume, whether fellowship training was pursued (ACGME-accredited or 
non-ACGME-accredited post–general surgery residency graduate education), and type of 
fellowship. (p. 853) 
 Based on univariate analysis, USMLE scores for steps 1 and 2 were significant (p=.001) 
in predicting success on the QE. USMLE step 1 score significantly (p=.001) predicted CE 
success. However, USMLE step 2 score was not a significant predictor of CE success. ABSITE 
percentile scores were significant predictors of success on the QE (p<.001), regardless of year 
(PGY 1-4 and chief year). For the CE, only ABSITE percentile in PGY3 (p=.001), PGY4, 
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(p=.02), and chief year (p=.003) were significant predictors of success. Additionally, 
participation in a remediation course for a low ABSITE score (p<.001) and a mandatory research 
year (p=.03) were statistically significant factors of success on the QE. 
Through multivariate analysis, the authors found scoring below the 35th percentile on the 
ABSITE to be a significant predictor of failure on both the QE (p=.008) and CE (p<.001). 
Similarly, scoring below 200 on the USMLE step 1 was a significant predictor failure on the QE 
(p<.001) and CE (p=.02). Multivariate modeling revealed a mandatory research year as the only 
significant predictor for the CE (p<.001). 
In the field of anesthesiology, McClintock and Gravlee (2010) attempted to validate 
whether residents’ performance on the American Board of Anesthesiology (ABA) In-Training 
Examination (ITE) could predict performance on the ABA Parts 1 and 2 certification 
examinations. In-Training Examinations occur annually during residency and are mandatory, 
except in extenuating circumstances (Kim, Wallace, Allbritton, & Altose, 2012).The ABA Parts 
1 and 2 are taken following four years of residency. Part 1 consists of written multiple choice and 
part 2 is a structured oral examination (McClintock & Gravlee, 2010).  
Residents who passed the part 1 examination, but did not take the part 2 examination in the 
following calendar year (earliest possible eligibility) were excluded from the study. In addition to 
ITE, as an independent variable, the authors evaluated medical degree, country of medical 
school, gender, history of substance abuse, number of unsatisfactory clinical competency reports 
submitted by the residency program, and length of the accreditation review cycle by the 
Accreditation Council for Graduate Medical Education (in years); a longer cycle is theorized to 
indicate program quality (McClintock & Gravlee, 2010).  
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 A two phase stepwise regression analysis was performed. The first phase used ABA part 
1 scores as the dependent variable and phase two utilized the certification status (successful 
completion of both parts 1 and 2) as the dependent variable. When using ABA part 1 score as the 
dependent variable, the regression model produced an overall R2=.46 where the ITE was the best 
predictor of performance (R2=.45). The ITE again (R2=.15) was the most significant predictor of 
full certification after passing ABA part 2, accounting for .15 of the overall R value of .19. 
In a more recent anesthesiology study, Kim, Wallace, Allbritton and Altose (2012) 
analyzed whether demographic variables, such as gender, under-represented minority (URM) 
status, and type of medical degree, could predict a resident’s performance on the ABA part 1 
(written) examination. They used first-attempt scores on the Medical Licensing Examination 
(MLE) steps 1 and 2, as well as, the score on the ABA In-Training Exam (ITE) and Basic 
Science Examination (BSE) scores as independent variables. The BSEs are taken in each clinical 
year 1, 2, and 3, once in the fall and once in the spring. The authors cited one significant reason 
for analysis in the field of anesthesiology is that “low pass rates can negatively impact a 
residency training program’s ability to maintain accreditation” (p. 225).  
Among the demographic factors, results indicated males scored slightly better than 
females on the ABA part 1, but these difference were not statistically significant. Consistent 
predictors of successful performance on the ABA part 1 were most recent ITE (p<.001) and BSE 
scores (p<.05). Under-represented minority status was found to be a significant predictor 
(p=.002) of lower performance on the ABA Part 1. Non-URMs scored 35.36 on average 
compared to 29.63 for URMs. Additionally, URMs scored lower on both USMLE steps. 
Employing a stepwise regression analysis, the authors examined the ability of URM and 
USMLE steps 1 and 2 to predict success or failure on the ABA part 1. With ABA part 1 as the 
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dependent variable, the regression model produced an R2 of .44. Their results showed only 
USMLE step 2 score was a significant predictor of ABA part 1 score (p<.001). When entering 
each ITE score in a stepwise regression analysis, as each additional ITE score was added, the 
most recent variable added that produced a statistically significant result in predicting ABA Part 
1 score. For example, at the beginning of year 2 (referred to as CA-1 year), clinical base intern 
year knowledge is assessed via ITE (CB-ITE). The regression model was significant, with 
R2=.28. At the beginning of year 3 (CA-2 year), when the CB-ITE was entered along with the 
CA-1 ITE, it was the latter ITE that proved statistically significant (p<.001, R2=.45). At CA-3, 
when CB-ITE, CA-1 ITE and CA-2 ITE were entered, only CA-2 ITE was a significant predictor 
of performance on the ABA part 2 (p<.001, R2=.50). 
As expected, Kim, Wallace, Allbritton and Altose (2012) referenced McClintock and 
Gravlee (2010), as these studies involved subjects in the same profession and examined similar 
variables. Kim, Wallace, Allbritton and Altose (2012) also reference Shellito, Osland, Helmer, 
and Chang (2010) whose studied predictors of success in surgery and Herndon, Allan, Dyer, 
Jawa, and Zurakowski (2009), who wrote concerning orthopaedic surgery. This indicates that 
although in different professions, the literature and mechanisms of evaluation are similar and the 
authors consulted each other’s work for evidence and guidance. 
 Rollins, Martindale, Edmond, Manser, and Scheld (1998) utilized a similar, established 
research design to develop a predictive model for the American Board of Internal Medicine’s 
(ABIM) certifying examination scores using only internal medicine ITE, as the independent 
variable. The authors also developed a simple equation to be used by residency directors as a 
potential indicator of who may pass or fail the ABIM. As found in the previously described 
studies, the ITE was statistically significant (p<.005) in predicting performance on the ABIM 
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certification exam The logistic model was able to correctly ascertain ABIM success based on 
ITE score in approximately 75% of the cases.  
 Dentistry. 
Stewart, Bates, and Smith (2004) compared performance on mock board examinations 
and clinical productivity as predictors of performance on the state dental licensure exam. This 
retrospective study was conducted using the scores of students who graduated from the 
University of Florida College of Dentistry from 1996 through 2003 and subsequently took the 
Florida Dental Licensure exam. Independent variables included the mock board exam score and 
clinical procedures conducted by the students during junior and senior years.  
The mock board exam is taken during senior year, five months prior to taking the state 
dental licensure exam. The mock board exam contains a simulated portion, referred to as 
‘manikin’, which includes Class II composite restoration, Class II amalgam restoration, Class IV 
composite, a fixed prosthodontics preparation, and endodontic therapy on an extracted tooth. 
Clinical procedures included the number of “Class II amalgams, Class II composites, Class IV 
composites, endodontic (root canal) procedures, crown and bridge abutments, and quadrants of 
periodontal scaling/root planning” (Stewart, Bates, & Smith, 2004, p. 428).  
Results indicated a significant relationship between the manikin fixed abutment/bridge 
prep and state licensure exam pass/fail for that procedure (p=.05). A significant relationship 
(p=.03) also existed between mock board clinical procedure Class II amalgam and the state 
licensure exam for that procedure. Finally, a significant relationship was found between number 
of clinical Class IV composite procedures completed in dental school and passing that portion of 
the state licensure exam (p=.03) as well as the number of Class II amalgams completed while in 
dental school and passing the Class II amalgams portion of the licensure exam (p=.0002). 
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Stewart, Bates, Smith and Young (2006) evaluated specific impact of gender on dental 
state licensure examination performance. They used a retrospective study design which consisted 
of students who attended the University of Florida College of Dentistry from 1996-2003. While 
several variables were of interest as predictors of success on the licensure exam, the authors 
focused on gender as a variable of interest due to the increasing number of females enrolling in 
dental school. If a difference existed between gender success, it could be indicative of the need 
for instructional modifications for gender differences (Stewart, Bates, Smith, & Young, 2006). 
The academic variables analyzed were overall score on the Dental Admission Test 
(DAT), Perceptual Ability Test (PAT) of the DAT, GPA upon entering dental school, and dental 
school GPA upon graduation. Clinical measures were the number of specific restorative and 
periodontal procedures completed during the clinical curriculum. Senior mock board 
examination and Florida dental licensure examination were other independent variables. The 
study specifically looked at performance based on gender in these variables.  
While females had significantly higher GPAs both entering (p=.01) and upon graduation 
(p=.01), as well as completing more periodontal procedures (p=.01), males had significantly 
higher DAT averages (p=.01) and significantly higher PAT scores (p<.0001). Males also 
demonstrated significantly higher performance on the Florida dental licensure examination 
(p=.01).  A stepwise regression was employed to control for academic factors PAT, number of 
amalgam restorations completed, and mock board exam scores. The results demonstrated the 
effect of gender on the Florida dental licensure exam was no longer significant (p=.23). While 
the differences were not large, the study provides interesting insight into the possibility that 
under certain circumstances gender could indeed make a difference on the outcome of an 
individual’s licensure exam. Results from the other studies evaluated as part of this literature 
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review have been mixed; in some scenarios, gender has proved to be a predictor (Zaglaniczny, 
1992 & Fernandez, Studnek, & Margolis, 2008) but not in others (Shellito, Osland, Helmer, & 
Chang, 2010, Utzman, Riddle, & Jewell, 2007, & Middlemas, Manning, Gazzillo, & Young, 
2001). 
Emergency Medical Technicians 
In order to practice, paramedics must pass the National Registry of Emergency Medical 
Technicians (NREMT) certification examination. The exam has cognitive and psychomotor 
components (Fernandez, Studnek, & Margolis, 2008). Fernandez, Studnek, and Margolis (2008) 
evaluated 10 independent variables to determine if any were predictors of success on the 
cognitive portion of the certification exam. Demographic variables included age, gender, and 
race. Educational variables included high school class rank, course completion as requirement 
for employment, years of education, and time since course completion to completion of the 
cognitive exam. Program variables were instructor qualifications (e.g., paramedic certificate, 
baccalaureate), program setting, and national program accreditation. The results of the 
multivariate logistical regression indicated that all variables except program setting were 
predictive of success on the certification examination. Instructors with qualification as a 
registered nurse, bachelor’s degree, master’s degree or unknown had a p-value of .001. Instructor 
qualification of associate’s degree had a p-value of .18, medical doctor .36, and other .63. Other 
significant variables included accredited program (p<.001), gender (p=.001), job requirement 
(p=.05), and race (African-American p<.001). Students with more years of education had higher 
odds of passing the certification exam. While less than 12 years of education was not significant 
(p=.06), 14 to 15 years and 16 to 17 years of education were both significant at p<.001. More 
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than 17 years of education had a p-value of .01. Elapsed time since course completion also 
proved significant with 27-54 days and 55-732 each having a p-value of <.001. 
Athletic Training 
 Two studies analyzed predictors of success on the National Athletic Trainers’  
Association Board of Certification’s (NATABOC) certification exam are included as part of this 
literature review. Harrelson, Gallaspy, Knight, and Dunn (1997) reviewed overall GPA, athletic 
training GPA, academic minor, academic minor GPA, fraternity or sorority affiliation, ACT 
composite score, teaching versus nonteaching degree track, and number of semesters of 
university enrollment to determine which may be predictors of success on the first attempt at the 
NATABOC certification exam. It should be noted that the NATABOC certification exam is 
comprised of three components: written, oral/practical, and written simulation (Harrelson, 
Gallaspy, Knight, & Dunn, 1997).  
 Study results found significant (p<.05) relationships between overall GPA, athletic 
training GPA, academic minor, academic minor GPA, gender, fraternity or sorority affiliation, 
ACT composite score, teaching versus nonteaching degree track, and number of semesters of 
university enrollment with number of attempts before successful completion of the NATABOC 
certification examination, as the dependent variable (Harrelson, Gallaspy, Knight, & Dunn, 
1997). In addition, a significant relationship was found between these independent variables and 
the written and written simulation components of the exam, but no relationship was identified 
between the independent variables and the oral/practical section of this certification exam. The 
authors discussed that no single independent variable could predict student success on the 
NATABOC certification examination, and hypothesized this was due to the use of the number of 
attempts to success as the criterion variable instead of actual test scores. However, using multiple 
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discriminant analysis, the authors were able to identify a combination of variables -- overall 
academic GPA, athletic training GPA, academic minor GPA, ACT composite score, and number 
of semesters of university enrollment -- that best predicted success on the first the examination 
attempt. (Harrelson, Gallaspy, Knight, & Dunn, 1997) It should be noted that three of these 
independent variables are GPAs, indicating the greater likelihood that GPA is an indicator of 
success on the certification examination.  
 Middlemas, Manning, Gazzillo, and Young (2001) conducted a study with three 
purposes: (1) whether a statistically significant relationship existed between GPA, quantity of 
clinical education, and performance on any of the sections of the NATABOC certification 
examination; (2) whether GPA, number of hours of clinical education completed, or both are 
significant predictors of performance of candidates on the NATABOC examination; and (3) 
whether the ability to predict performance on the exam for candidates who became eligible for 
the examination via the curriculum versus internship route is statistically significant. 
 This study mailed data collection packets to candidates taking the examination. Consent 
forms were collected from the candidates, along with gender, overall GPA at the time of 
application for the certification examination, number of hours of clinical education completed at 
the time of application for the examination, and whether the candidate became eligible for the 
examination via the curriculum or internship route (Middlemas, Manning, Gazzillo, & Young, 
2001). The testing service provided exam scores for the three exam components and the overall 
pass/fail status. 
 For the study by Middlemas, Manning, Gazzillo, and Young (2001), statistical 
significance was determined to be at a level of p≤.05. Study results found a significant difference 
between curriculum and internship candidates and the mean values for the written (p=.008) and 
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practical (p=.01) sections. No significant differences were found in the score means on the 
written simulation section and the route to exam eligibility. Further, no statistical significance 
was found when analyzing the scores based on gender for any section of the examination. The 
correlation coefficients between the independent variable GPA and the dependent variables of 
written, oral practical, and simulation components of the exam and the passing score on the 
entire examination were statistically significant (p≤.05). No statistical significance was found 
between clinical hours and the three exam subcomponents nor between clinical hours and overall 
exam score.  
 Stepwise linear regression analysis revealed that the regression coefficient was significant 
for GPA and each of the three exam components: written, oral, and simulation (each p=0.000). 
Because no quantitative variable exists for passing the overall exam, linear regression was not 
performed (Middlemas, Manning, Gazzillo, & Young, 2001). However, the authors analyzed 
whether a prediction could be made as to whether a candidate would pass the entire exam based 
on GPA and clinical hours. Both of these independent variables proved statistically significant. 
No statistical significance resulted between the regression coefficients for curriculum and 
internship candidates. Finally, the regression coefficient for the interaction between GPA 
(p=.001), clinical hours and the overall exam score (p=.04) proved statistically significant. The 
proportion of the variance for the model was .58 (R=.0762). 
 Not surprisingly, Middlemas, Manning, Gazzillo, and Young (2001) referenced 
Harrelson, Gallaspy, Knight, and Dunn (1997) since both groups examined predictors of success 
on the same certification examination. The main difference between the studies was that the 
study by Middlemas, Manning, Gazzillo, and Young (2001) analyzed exam candidates 
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nationwide, whereas Harrelson, Gallaspy, Knight, and Dunn (1997) focused on students at one 
institution. 
Education 
 In education, Burke (2005) evaluated predictors of success on teacher certification  
exams, specifically the New York State Teacher Certification Exams in the liberal arts and 
sciences (LAST), and in teaching theory and practice (ATS-W). The author used a sample of 40 
females from a small urban college in New York. Study results found that SAT scores (r=.625) 
and college GPA (r=.334) most strongly associated with LAST scores. Further, number of 
attempts at taking the LAST before success had an inverse relationship with SAT scores (r=-
.360). ATS-W success most strongly correlated with SAT (r=.556), college GPA (r=.520) and 
major GPA (r=.441).  
 With regard to variance, SAT score was the biggest predictor of LAST success, 
accounting for 39.1% of the variance followed by college GPA at 11.2%. SAT score was also the 
single best predictor of ATS-W scores, accounting for 32% of the variance, followed by college 
GPA and major GPA at 27% and 19.4%, respectively. Further analysis of SAT score as a 
predictor of LAST and ATS-W found that verbal SAT was a stronger predictor of LAST and 
ATS-W (r=.623 and r=.539) than math SAT (r=.487 and r=.460). 
Financial Planning 
 The interest in predictors of success of licensure exams extends to certified financial 
planners as well. Grange, Hampton, Cutler, Langdon and Ryan (2003) conducted what they 
referred to as the “first attempt to collect data” to associate certain factors with success or failure 
on the Certified Financial Planners (CFP) Certification Examination. The authors used 36 
variables in their statistical analysis. These included highest degree earned, primary business 
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activity, undergraduate major and undergraduate GPA (if applicable), existing Certified Public 
Accountant (CPA) and/or Chartered Financial Analyst (CFA) designation, primary study aids for 
the exam, number of hours and weeks of review for the exam, registered institution, and time 
between completing the registered educational program and taking the CFP exam. Registered 
institution groupings were challenge route, College for Financial Planning, The American 
College, and other academic registered institutions. The logistic regression found reason for 
taking the CFP exam (p=.0370), highest degree earned (p=.0042), time between completing the 
review program and taking the CFP exam (p=.0019), undergraduate GPA (p=.0006), existing 
CPA designation (p<.0001), GPA in the registered educational program (p<.0001) and registered 
institution (p<0.0001) statistically significant.  
 The fact that time between completing the educational program and taking the exam 
proved statistically significant should be of interest to NCOPE. Currently, there is no regulation 
on the time between completing residency and taking the prosthetics certification exam nor does 
the Commission have a way to track this information (S. Fletcher, personal communication, May 
3, 2013). It may very well be a predictor of success on the prosthetics certification exam, but 
since the data were not captured, it cannot be analyzed as part of this or other studies. 
Dissertations 
Eight dissertations regarding predictors of success on certification exams were identified 
and included as part of this literature review. Three of the dissertations analyzed predictors of 
success on the NCLEX-RN, demonstrating continued interest in this topic. Benefiel (2011) 
focused on graduates with associate degrees in nursing, Englert (2009) focused on traditional and 
second degree baccalaureate students, and Fortier (2010) analyzed transfer students in a Bachelor 
of Science nursing program. 
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Benefiel (2011) analyzed a host of independent variables, including gender, ethnicity, 
age, type of student (traditional registered nurse, contract, licensed vocational nurse to registered 
nurse, or transfer), pre-nursing GPA, Test of Essential Academic Skills (TEAS) composite score, 
TEAS subtests scores, and number of attempts on TEAS. Additionally, Benefiel looked at first 
semester GPA, nursing program GPA, number of course repeats, Assessment Technologies 
Institute (ATI) comprehensive predictor (CP) standardized test, and time from graduation to 
taking the NCLEX-RN. 
Type of student (p=.001), pre-nursing GPA (p=.002), TEAS composite score (p=.004), 
TEAS English score (p=.035), number of TEAS attempts (p=.001), first semester GPA (p=.012), 
nursing GPA (p<.001), ATI CP scores (p<.001), number of course repeats (p<.001) and time 
from graduation to taking the NCLEX-RN (p=.006) were shown to be statistically significant. 
Englert’s (2009) independent variables of interest included age, ethnicity, gender, and 
program track as well as academic variables such as GPA, standardized nursing exam scores, and 
nursing course grades. Each of the seven components of the standardized nursing exam proved 
statistically significant (p<.01) in predicting NCLEX-RN performance. Similarly, grades in 10 of 
14 nursing courses provided significant (p<.01) and grades in one course proved significant at 
p<.05. Nursing GPA in each of the five semesters of the nursing program and cumulative GPA 
also proved statistically significant (p<.01). Finally, while ethnicity proved statistically 
significant (p=.021), age and gender did not. 
Fortier (2010) evaluated age, gender, pathophysiology grade, adult nursing I grade, final 
GPA and TEAS examination score as predictors of success on the NCLEX-RN for transfer 
students in a Bachelor of Science nursing program. In that analysis, only GPA proved 
statistically significant (p=.001) in predicting performance on the NCLEX-RN.  
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Bonte-Eley (2002) analyzed first-time success on the NCLEX-PN by using demographic, 
pre-entry and programmatic variables. Demographic variables included age, marital status, 
method of high school completion, presence of dependents, employment status and financial 
status. Pre-entry variables were the basic assessment battery conducted at the college where the 
sample was obtained, remediation class requirements and National League of Nursing’s pre-
practical nursing assessment score. Programmatic variables included Introductory Practical 
Nursing course and certification as a basic nurse assistant. Age (p<.05) was statistically 
significant in predicting success or failure on the NCLEX-PN. 
Bolender (2001) evaluated predictors of success on the family nurse practitioner 
certification exam using personality, demographic, and academic variables. The personality 
characteristics included extraversion, neuroticism, openness to experience, agreeableness, and 
conscientiousness. Demographic variables included age and number of years in a clinical 
practice before entering a family nurse practitioner program. The academic variables were 
undergraduate GPA, pathophysiology grade, and pharmacotherapeutics grade. In the multiple 
regression model, years of clinical practice (p=.014), undergraduate GPA (p=.030), 
pharmacotherapeutics grade (p<.001), and agreeableness (p=.034) were significant.  
Lary (1991) conducted a retrospective analysis of National Commission on Certification 
of Physician Assistants (NCCPA) examination results from 1975-1989. Independent variables 
included year of graduation, age, academic degree prior to admission, gender, health care 
experience, and ethnicity. Lary examined not only the relationships of the independent variables 
to the scores on the three components of the certification examination, but also analyzed any 
relationships of the independent variables to program completion. 
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Study results revealed no significant difference (p≤.05) between age and NCCPA exam 
results. Only one exam component, clinical skills problems, proved statistically significant when 
comparing health care experience (p=.02) to NCCPA exam results. Ethnicity, however, was 
statistically significant on exam components multiple choice questions and patient management 
problems (both p≤.05), as well as, composite score (p=.00001). Gender was significant for both 
patient management problems (p=.0427) and composite score (p=.0263). Likewise, academic 
degree was statistically significant on patient management problems (p=.0263) and composite 
score (p=.0224). Lary’s (1991) dissertation analysis revealed interesting results regarding 
significant factors affecting success in the NCCPA certification exam. It is the expectation that 
the proposed analysis of similar variables as they relate to success on the prosthetics certification 
examination will closely mirror the Lary model. 
Kain (2010) evaluated characteristics that increase success on the National Asthma 
Educator certification exam, a voluntary exam created by the National Asthma Educator 
Certification Board (NAECB) as an indicator of professional ability. Kain evaluated exam 
subscores between candidates for patterns of high and low scores. Further, pass and fail patterns 
of exam subsections were analyzed for predictions of passing the entire exam. Candidate 
occupation, time of day, gender, region of residence, and work experience were also used as 
independent predictors of exam subscore and overall score. The researchers encountered data 
error issues and subsequent data release issues, which forced them to modify the research 
questions to what was presented in the study. The author did not discuss how the modified 
research questions differed from any that may have been originally planned. Test-takers who 
scored high, medium, or low in one area scored similarly in all areas. Significance levels for 
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content areas 1 (asthma condition), 3(asthma management), and 4 (organizational issues) were 
p<.0005 and content area 2 (patient and family history), p<.00005.  
Pass and fail patterns of exam subsections were evaluated using Spearman correlation. 
On the exam overall, analyzing all test-takers, there were moderate to strong (r=.60) correlations 
between three content areas: Content area 3 with content area 1 and content area 2. When the 
data was separated between those who passed and those who failed, the correlations existed, but 
values were weaker. The multiple regression analysis for the 4 content areas resulted in statistical 
significance (p=.00) for all four, but content area four was the weakest predictor of overall score 
with a beta weight of .18. Content area 3 was the strongest (beta weight .47), followed by area 2 
(beta weight .33) and 1(beta weight .26). 
Exam score by occupation varied by component, but respiratory therapists, health 
educators, scored consistently high on different components. Regarding time of day taking the 
exam, test takers at 1 p.m. performed better than those who took the exam at 9 a.m. (p<.00005). 
Years of experience proved significant in content areas 1, 2, and 3, where participants who had 
worked between 6 and 16 years in asthma education performed better than all other groups. 
Academic degree also proved significant in the content areas. Test takers with master’s degrees 
performed better than those with doctoral, bachelor’s or associates degrees on each content area. 
Those with doctoral or bachelor’s degrees performed better than associate degree or college 
diploma holders. The analyses conducted as part of Kain’s study were elaborate, as each research 
question was analyzed for the test overall, for those who passed, those who failed and then by 
content area. The study results present interesting information for those in the asthma education 
profession. 
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Finally, Hoversten (2011) analyzed predictors of success on the graduate nurse 
anesthetists’ national certification examination. The earlier study regarding nurse anesthetists by 
Zaglaniczny was published 1992. Hoversten’s dissertation is much more recent, representing a 
continued interest in the topic. Hoversten used the independent variables age, gender, type of 
critical care background prior to admission to a nurse anesthesia program, and number of years 
of experience prior to admission to a nurse anesthesia program as predictors of performance on 
the first attempt at the national certification exam. 
No significant difference were found regarding gender and performance on the 
certification exam, nor regarding type of critical care setting and performance on the certification 
exam. Age was found to be statistically significant in determining certification exam 
performance. Students in the age group 23-29 scored higher than age groups 30-33, 34-38, and 
39 and older. Students in age groups 30-33 and 34-38 scored higher than the 39 and older group. 
Years of experience also proved statistically significant, but interestingly, students with three or 
four or more years of experience scored lower than those with one or two years of experience. 
While Hoversten’s (2011) results reveal no significant difference regarding gender, 
Zaglaniczny’s (1992) study demonstrated gender as one predictor of the overall examination 
score. Both studies found age was a predictor of overall score. 
Hoversten (2011) also evaluated the relationships between the independent variables and 
exam scores. The results revealed that younger students tended to have higher scores. A negative 
correlation (r=-.47) existed between years of clinical experience and exam scores. No 
relationship was found between gender, type of acute care experience, types of clinical 
experience, and examination score.  
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Prosthetics and Orthotics 
 While a search for predictors of success in certification exams locates literature in several 
fields, such is not the case in the prosthetics and orthotics literature. In an effort to retrieve other 
possible related studies, the MeSH search was broadened to include combinations of the terms 
prosthetics, education, and certification. These searches produced several publications, however 
none were directly related to the topic of interest. This section reviews the current literature in 
prosthetics and orthotics as it relates to education topics. 
 Several articles have been written concerning graduate education in prosthetics and 
orthotics. An article by Nielsen et al. circa 1987 was published when the realization existed that 
in order for the profession to survive and thrive, graduate education in prosthetics and orthotics 
was a necessity. Nielsen’s article describes the Master’s degree in allied health developed at the 
University of Connecticut as an initial attempt to address this need. The article summarizes the 
program’s development, curricular considerations and program evaluation, with the caveat that 
program evaluation would need to be ongoing due to how recently the program was initiated. 
 In 2002, Hovorka, Shurr, and Bozik produced a two-part series concerning the concept of 
interdisciplinary education for orthotists. The second article, however, makes the argument that 
the same concept could eventually be applied to field of prosthetics; therefore both articles are 
included in this literature review. The first article was referenced extensively in the introduction 
of this dissertation, as it reflects the history of prosthetic and orthotic education.  
 Lin (2002) authored an article on distance learning in prosthetics and orthotics. The 
argument presented was that the amount of technology available to incorporate a distance 
learning approach would allow for different progressions through prosthetic and orthotic 
programs. In the proposed model, the ability to pursue the didactic portion of one of the 
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disciplines simultaneously while working in residency for the other discipline would shorten a 
student’s time in the program by one year.  
 In 1995, Supan, Shurr, and Lin each authored one article in a three-part series concerning 
the need for students to conduct research during residency. The most extensive of the three 
articles (Supan, 1995) rationalized why it was so important for students to conduct research. The 
article argued that the critical analysis involved in research would aid students in discerning what 
was presented in the literature and determine if any errors or misrepresentations occurred. One of 
the other reasons cited was the research and publication process would assist in ensuring the 
profession’s survival. Finally, the process would also enhance the profession’s body of 
knowledge. 
 Shurr (1995) repeated many of the concepts covered by Supan (1995). Shurr’s article 
stated that “one can reasonably argue that the resident is the hope for the future of the O&P 
profession, and therefore, must be skilled in the art and science of research” (p. 147). However, 
at the time of the article’s publication, most students completing prosthetics and orthotics 
programs did so at the Bachelor’s level and proceeded to clinical practice, where the focus was 
patient-oriented. Therefore, it seems unlikely that they would have the necessary time and 
resources such as IRB support and access to references to conduct sufficient cutting-edge 
research to advance the professions to that degree. Further residents need mentors for guidance, 
but it is unclear if clinicians, whose focus has been patient service, are the best mentors for 
residents who are expected to produce research. Finally, Shurr stated “new practitioners are 
being asked to be part clinician, part academician, and part technician” (p. 148). While the 
profession needs to evolve it is an unreasonable expectation that the entire responsibility is left to 
the practitioners. A follow up to this article would confirm if that expectation materialized, or 
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whether the members of the profession specialized in patient care or research. Lin’s (1995) 
article described the research process during residency, including how to formulate hypotheses, 
conduct data collection, and analyze results. Given the limited literature, the topics for the type 
of study suggested by this proposal are unlimited.  
 All of the articles discussed in this section present novel approaches to improve 
prosthetic and orthotic education, in an effort to enhance student learning and retention and, thus, 
ensure the professions’ survival. It is important to note the most recent articles were published 
over 10 years ago, demonstrating a lack of literature and ongoing research in the area of 
prosthetic education. All of the articles are descriptive in nature. None conducted any type of 
pilot or other evaluative research in the topic of interest. While emphasizing the need for the 
profession’s survival it would seem vital to conduct studies similar to those covered in this 
literature review that attempt to provide evidence for the type of student most likely to succeed in 
a profession’s certification exam.  
Summary 
 In conclusion, specific to the variables of interest for this study, no literature exists 
regarding title extension in other professions, as that scenario of closely related disciplines, 
offered in the same academic degree, and possible dual residency, is unique to prosthetics and 
orthotics. Only two of the articles retrieved discussed type of institution as a possible predictor of 
success on a certification exam. Grange, Hampton, Cutler, Langdon and Ryan (2003) used 
registered institution as an independent variable, with the categories challenge route, College for 
Financial Planning, The American College, and other academic registered institutions. This 
variable proved statistically significant (p<0.0001) in predicting success on the Certified 
Financial Planner certification exam. Utzman, Riddle, and Jewell (2007) used the Carnegie 
53 
Classification of Institutions of Higher Education as one predictor of success on the National 
Physical Therapy Examination. However, in this study, the Carnegie classification did not prove 
statistically significant. 
 Gender has been studied more extensively as a predictor of success. Of 11 studies 
discussed in this literature review, 6 did not find gender to be a predictor of success on the 
respective certification exam. Beeson and Kissling (2001) found the significance of gender as a 
predictor of success on the NCLEX-RN to be 0.43. Also on the NCLEX-RN, Cozzo (2009) 
failed to find gender to be significant (p=.55), as did Fortier (2010), p=.947, and Benefiel (2011), 
p=.546. Shellito, Osland, Helmer and Chang (2010) did not find gender to be a significant 
predictor (p=.263) of first-time pass rates on the American Board of Surgery examinations. 
Finally, Kim, Wallace, Allbritton, and Altose (2012) found that gender was not significant 
(p=.25) in predicting success on the American Board of Anesthesiology part 1 examination, 
though they noted that males scored slightly better. 
 The studies that found gender to be a significant predictor of success on certification 
exams include Lary (1991), who found gender to be a predictor of success on the Patient 
Management Problems component (p=.0427) and the composite score (p=.0263) for the 
certification exam for physician assistants. Zaglaniczny (1992) found that gender was 
statistically significant (p<.05) on the National Certification Examination for nurse anesthetists, 
with males scoring better than females. Stewart, Bates, Smith and Young (2006) likewise found 
that males had significantly (p=.0119) higher scores on the Dental State Licensure Exam. 
Fernandez, Studnek, and Margolis (2008) also found that males scored significantly (p=.001) 
higher on the National Paramedic Certification Examination. Finally, McClintock and Gravlee 
(2010) found that men scored higher (p<.001) on the American Board of Anesthesiology 
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certification exam. As a result of analysis by gender, it was not evident based on the information 
contained in the articles whether study results had prompted further analysis or changes in the 
respective professions. 
 The prosthetics and orthotics literature available today does not yet discuss the immediate 
topic of interest - predictors of success on the prosthetics certification examination. As evidenced 
by the previously described articles, even the topic of prosthetics education has not been 
extensively studied. Part of the reason for this may be that the field of prosthetics itself is still 
relatively young. Authors have focused on medically- or patient-oriented topics, whereas the 
literature related to education is still evolving. Therefore, the lack of literature on predictors of 
success on the prosthetics certification examination further validates the importance of this 
study. 
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CHAPTER THREE: 
 
METHODS 
 
 
 
 This study investigated whether specific variables can be used to predict ABC prosthetics 
certification exam success. The study also investigated whether these same variables can be used 
to predict performance on the three exams that comprise ABC prosthetics certification. First, the 
study examined whether gender, institution type, and/or credential extension had a relationship 
with success in prosthetics certification. Second, the study examined whether gender, institution 
type, and/or credential extension had a relationship with performance on the Written Multiple 
Choice exam. Third, the study examined whether gender, institution type, and/or credential 
extension had a relationship with performance on the Written Simulation exam. Finally, the 
study evaluated whether gender, institution type, and/or credential extension had a relationship 
with performance on the Clinical Patient Management exam. This chapter outlines the research 
methods utilized in this study and contains six sections: research questions, research design, 
study sample, protection of human subjects, data collection procedures, and data analysis.  
Research Questions 
 The research questions for this study were: 
RQ1: Is there a relationship between gender, institution type, and/or credential extension and 
success in achieving ABC prosthetics practitioner certification? 
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RQ 2: Is there a relationship between gender, institution type, and/or credential extension and 
performance on the ABC prosthetics Written Multiple Choice exam? 
RQ 3: Is there a relationship between gender, institution type, and/or credential extension, and 
performance on the ABC prosthetics Written Simulation exam? 
RQ 4: Is there a relationship between gender, institution type, credential extension and 
performance on the ABC Clinical Patient Management practical exam? 
Research Design 
 This non-experimental study was a quantitative, retrospective, secondary data analysis of 
de-identified prosthetic resident data provided by ABC and NCOPE. The two agencies are the 
repositories for the data and representatives from both organizations agreed to run reports in their 
respective databases, merge, and subsequently de-identify records, replacing student names with 
numbers to ensure confidentiality.  
 The study investigated possible relationships between the independent and dependent 
variables. There was no manipulation of the independent variables nor randomization. There 
were several independent variables identified in the study. Gender and credential extension were 
dichotomous independent variables. Institution type was a 4-level independent variable, grouping 
institutions according to Carnegie classification. Such grouping served to further protect 
candidate confidentiality. Since candidates may take the examination at any time, it was possible 
that a small number from one institution took the exam at a given time, thereby increasing the 
possibility of identification. Therefore, for purposes of this study, the four classification levels 
were Research Universities with very high research activity (RU/VH), Master’s colleges and 
universities - larger programs (Master’s L), special focus institutions – medical schools and 
medical centers (Spec/Med), and other. A summary of the institutions per grouping is included in 
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Table 2. Only the accredited institutions at the time when the study sample completed residency 
are included.  
 Prosthetics certification outcome (pass/fail) was a dichotomous dependent variable used 
in question 1. The prosthetics Written Multiple Choice, Written Simulation, and Clinical Patient 
Management exam scores were continuous dependent variables used in research questions 2 
through 4, respectively. Gender, institution type, and credential extension were used as 
independent variables in all 4 research questions.  
Study Sample 
 This retrospective study used de-identified student data from ABC and NCOPE. The 
convenience sample consisted of candidates who completed their prosthetics residency in 2011 
and 2012. All students whose records were used were graduates from one of the 11 NCOPE-
accredited prosthetics programs across the country at that time. Demographically, the sample 
included both males and females. Individuals were the unit of analysis. In order to achieve 
statistical power of 0.95, 54 participants were needed to detect a moderate effect size of 0.5 (G-
Power 3, Dusseldorf, Germany, 2013) for each research question. A total of 158 candidates’ 
information was provided for this study. 
Protection of Human Subjects 
 The University of South Florida Institutional Review Board approved this study prior to 
any transfer of data or other data collection.  
Data Collection Procedures  
 NCOPE and ABC provided the data set for this study. The two agencies are responsible 
for the initial data collection. For example, NCOPE tracks student demographics, residency 
dates, and institution attended (D. Mungo, personal communication, January 7, 2014). ABC 
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maintains examination information, certification information and designations along with 
individuals’ identification numbers, gender and education information (S. Ketevong, personal 
Table 2 
 
Accredited institutions and corresponding Carnegie classification at the study time period of 
interest 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: University of Hartford was excluded, as it was not an accredited program at the time 
period for this study. 
 
 
communication, January 14, 2014). The data were collected in a variety of ways. The data 
collection for NCOPE begins when a student completes the Residency Registration Form, the 
first step in application for residency. The application collects demographic and contact 
information, education information such as which college or university the student attended, 
degree obtained, and the location of residency. Once accepted by NCOPE as a resident, the 
student receives a username and password for the Typhon system, the electronic system where 
residents log their clinical competencies. ABC, as the administrator of the certification exam, 
gathers the exam date, candidate score, and certification status at exam registration time and after 
Institution Carnegie 
Classification 
Study Grouping 
Georgia Institute of Technology RU/VH RU/VH 
Northwestern University RU/VH RU/VH 
University of Pittsburgh RU/VH RU/VH 
University of Washington RU/VH RU/VH 
California State University, Dominguez 
Hills 
Master’s L Master’s 
Eastern Michigan University Master’s L Master’s 
Loma Linda University Spec/Med Spec/Med 
University of Texas Southwestern 
Medical Ctr. 
Spec/Med Spec/Med 
Century Community and Technical 
College 
Assoc/Pub-S-SC Other 
Newington Certificate Program Bac/Assoc Other 
St. Petersburg College N/A Other 
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the resident completes the exam and results are known. The two agencies extracted the data from 
their respective databases, merged, and de-identified the data, which were saved in an Excel 
spreadsheet and sent via e-mail.  
Data Analysis 
 Once received, the data were surveyed for correctness and completeness. Twelve records 
had incomplete data or data inconsistencies, such as discrepancies between exam results 
(pass/fail) and certification status. These were returned for verification and correction, where 
necessary. Following correction, they were included in the data sample.  
 The spreadsheet was then re-organized in order for each student’s data to be contained on 
one data line, thus facilitating import to SPSS (v. 22, IBM, Armonk, NY) for statistical 
calculation. Categorical variables were coded as shown in Table 3. Any records that were 
missing data in the variables of interest were analyzed for patterns, but subsequently excluded 
from analysis. Six student records had been assigned a number, meaning that the student had 
registered for at least one of the exams, but did not have any exam scores, meaning they never 
took any of the exams. Additionally, the four levels of Institution Type were coded such that 
RU/VH, Master’s, and Spec/Med were dummy categories. Other was assigned as the reference 
category. 
 Descriptive statistics were reported for gender and institution type, credential extension, 
the three prosthetics certification exams, and prosthetics certification results. Chi-square test of 
independence, used to measure a variable’s significance (Hosmer & Lemeshow, 2000), was used 
to test whether the categorical variables were independent of one another. The Chi-square test of 
independence was appropriate for variables whose expected cell count was not less than 5. The 
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institution type Spec/Med had expected cell counts less than 5, therefore Fisher’s exact test was 
used. Independent t-tests were used to determine relationships between 2-level independent 
variables and continuous dependent variables in research questions 2, 3, and 4. ANOVA was 
used for the 4-level independent variable institution type in research questions 2, 3, and 4. 
 
Table 3 
Coding for categorical data 
Variable Subcategory Code 
Gender   
 Male 0 
 Female 1 
Certified   
 No 0 
 Yes 1 
Exam Result   
 Fail 0 
 Pass 1 
Credential Extension   
 No 0 
 Yes 1 
Institution Type   
 RU/VH 1 
 Master’s 2 
 Spec/Med 3 
 Other 4 
 
 
 Logistic regression was used to assess the nature and degree of relationships between the 
independent variables in research question 1 and the dichotomous dependent variable, success or 
failure on the prosthetics certification examination. Multiple logistic regression is used when 
there are two or more predictor variables that can affect the criterion variable and a dichotomous 
dependent variable (Gall, Gall, & Borg, 2003). Regression analysis allows for statistical control 
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of extraneous variables as well as for the best possible combination of independent variables 
(Ary, Jacobs, & Sorensen, 2010). Variables were added to the regression equation using the entry 
method.  
 Unlike multiple regression, logistic regression does not make assumptions of normality, 
linearity, and homogeneity of variance for the independent variables (Logistic Regression, n.d.). 
However, independent variables were assessed for multicollinearity. Multicollinearity was 
assessed using phi coefficient for the dichotomous independent variables (Research methods, 
2005). While some collinearity is normal, high collinearity increases standard errors. It also 
forces coefficients to be large in order to have statistical significance, thus is it harder to reject 
the null hypothesis when high multicollinearity is present (Multicollinearity Stata Example, n.d.)  
 Linear regression is used in the case of a continuous dependent variable (Worster, Fan, & 
Ismaila, 2007). Since the three prosthetics exam scores were the dependent variables in research 
questions 2, 3, and 4, linear regression was used as the statistical analysis for these questions. 
Specifically, the score on the final attempt by each candidate was used for this analysis. The 
reasoning for this was that in instances when the exam had to be taken more than once, the 
subsequent attempt could result in passing and, thus, prosthetics certification. 
 This chapter examined the data collection procedures undertaken to gather demographic 
and prosthetics certification exam results of students who have taken the ABC prosthetics 
certification examination. Chapter 4 will present the results from the statistical analyses 
conducted as part of this study. 
  
62 
 
 
 
 
 
 
CHAPTER FOUR: 
RESULTS 
 
 
 The purpose of this study was to determine if relationships exist between gender, 
institution type, and/or credential extension and: (1) prosthetics certification achievement, (2) 
scores on the Written Multiple Choice exam, (3) scores on the Written Simulation exam, and (4) 
scores on the Clinical Patient Management exam. Through this retrospective, secondary data 
analysis, the study aimed to answer the following research questions: Is there a relationship 
between gender, institution type, and/or credential extension and (1) success in achieving ABC 
prosthetics practitioner certification, (2) performance on the ABC prosthetics Written Multiple 
Choice exam, (3) performance on the ABC prosthetics Written Simulation exam, and (4) 
performance on the ABC Clinical Patient Management practical exam? 
Descriptive Statistics 
 The population of the study consisted of prosthetics residents who completed NCOPE 
residency in 2011-2012. The database search yielded a total of 164 candidate records meeting 
this criterion. Six of the 164 candidates completed prosthetics residency but never took any of 
the certification exams. Given that no examination data existed for these six candidates, they 
were eliminated from the data set. Demographically, they consisted of four females and two 
males. Both males and two of the females were already Certified Orthotists and, thus, would 
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have extended credential. Two were from RU/VH institutions, one from Master’s L, and three 
from other institutions.  
 The 158 remaining candidates attempted at least one of the three examinations at least 
one time. The majority of candidates seeking prosthetics certification for this time period were 
male (63.9%). Table 4 provides a summary view of the study sample by gender. The sample was 
then analyzed for results of prosthetics certification attainment by gender (Table 5). Of the 
aforementioned 158 candidates, 133 achieved prosthetics certification. Included in the group that 
did not attain certification were candidates who failed at least one of the exams as well as 
candidates who did not take at least one of the exams. The group of candidates who successfully 
attained certification was comprised of 85 males and 48 females. By gender group, however, the 
percentages were equal, with 84.2% passing and 15.8% failing after all exam attempts were 
complete.  
 
Table 4 
Frequency and percentage by gender 
Gender N %
Female 57 36.1
Male 101 63.9
Total 158 100.0
 
 
Table 5 
 
Result of Certified Prosthetist credential, by gender 
 
 Certified Prosthetist Credential 
 Pass Fail Total 
Gender N % N % N 
Female 48 84.2 9 15.8 57 
Male 85 84.2 16 15.8 101 
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 Viewing the results by institution type, graduates from the special focus institutions – 
medical schools and medical centers (Spec/Med) had a 100% pass rate in this analysis, followed 
by those from research universities with very high research activity (RU/VH) with 86.3% pass 
rate. Those from the other institutions category had an 83.3% success rate and, lastly, those from 
Master’s colleges and universities – larger programs (Master’s), with 76.7%. Further breaking 
down each institution type by gender, yields similar results. For each gender, the percentages 
rank in the same order: Spec/Med, RU/VH, Other, and Master’s. The failure percentages also 
rank (from low to high) in the same order. These results are summarized in Tables 6 and 7. 
 
Table 6 
Certified Prosthetist credential pass or fail, by institution type 
 Certified Prosthetist Credential 
 Pass Fail Total 
Institution Type N % N %
RU/VH 69 86.3 11 13.7 80
Spec/Med 6 100.0 0 0.0 6
Master’s 23 76.7 7 23.3 30
Other 35 83.3 7 16.7 42
 133 25 158
 
 
 Of the 158 candidates who took the exam, a total of 73 were seeking to extend their 
credential from CO to CPO, adding the CP designation. Of the 73, 67 succeeded while only 6 
failed. The passing figures were similar for the 85 candidates obtaining credentials for the first 
time, with a total of 66 passing the certification exam. However, the failure rate for those 
attempting credentialing for the first time was higher, with 19 failures. Table 8 summarizes pass 
and fail frequencies and percentages for those extending credential.  
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 Evaluating the same data by gender, results show that males outnumbered females in both 
the group extending credential and the group not, 45 and 56, respectively. The entire group of 
males (100%) extending credential and 91.3% of females passed the certification exam. For 
those taking the certification exam for the first time, females performed slightly better than 
males, 79.4% versus 78.3%, respectively. Table 17 summarizes pass and fail frequencies and 
percentages by gender. 
 
Table 7 
 
Certified Prosthetist credential pass or fail, by institution type and gender 
 Certified Prosthetist Credential 
 Pass Fail Total 
RU/VH N % N %  
 Female 26 86.7 4 13.3 30 
 Male 43 86.0 7 14.0 50 
Spec/Med   
 Female 3 100.0 0 0.0 3 
 Male 3 100.0 0 0.0 3 
Master’s   
 Female 9 75.0 3 25.0 12 
 Male 14 77.8 4 22.2 18 
Other   
 Female 10 83.3 2 16.7 12 
 Male 25 83.3 5 16.7 30 
 
 
Table 8 
Certified Prosthetist credential pass or fail, by credential extension 
 
 Certified Prosthetist Credential 
 Pass Fail 
Credential Extension N % N % 
Yes 67 91.8 6 8.2
No 66 77.6 19 22.4
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 Per exam, there were as many as three attempts by candidates to obtain a passing score. 
Of the 133 candidates who successfully attained Certified Prosthetist status by passing all three 
exams, 103 passed each exam on the first attempt, with the remaining 30 taking at least one of 
the three exams more than once, as summarized in Table 10. By gender, females fared better 
than males in this regard, with 81.3% of the females obtaining prosthetics certification by taking 
each exam only once versus 75.3% of males. 
 
 
Table 9 
 
Certified Prosthetist credential pass or fail, by credential extension and gender 
 
 Certified Prosthetist Credential 
Credential Extension Pass Fail Total 
Yes N % N % N 
 Female 21 91.3 2 8.7 23 
 Male 45 100.0 0 0.0 45 
No   
 Female 27 79.4 7 20.6 34 
 Male 39 78.3 17 30.4 56 
  
  
Tables 11, 12, and 13 offer a pass/fail breakdown per exam and per attempt. The attrition 
column refers to candidates who failed a particular attempt and did not re-take the exam within 
the time frame of this study. The Written Multiple Choice exam was the only one of the three 
exams where candidates took it up to three times in an attempt to pass.  In the first attempt, 132 
passed and 26 failed. Of the 26 failures, 6 did not take the exam a second time and the remaining 
20 opted for a re-take. Of those 20, 12 passed and 8 failed. Of the 8 failures, 4 were lost to 
attrition. The final 4 attempted a third re-take; 2 passed and 2 failed. The final 2 failures did not 
repeat the exam.  
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 Candidates made a maximum of two attempts on the Written Simulation exam. One 
hundred thirty seven candidates passed the Written Simulation exam on the first attempt and 18 
failed. Of the 18 failures, 6 did not repeat the exam a second time. Of the 12 who made a second 
 
Table 10 
Frequency of passing each of the 3 prosthetics certification exams on first attempt 
 Success on 1st 
attempt, 3 exams 
Multiple attempts, 
at least 1 exam Total 
Gender n % n % N
Female 39 81.3 9 18.7 48
Male 64 75.3 21 24.7 85
Note: Based on 133 passing candidates. 
  
Table 11 
 
Per attempt pass/fail breakdown for the Written Multiple Choice exam 
 
  Pass Fail Total 
  n % n %  
Attempt 1 (n=158) Female 50 87.7 7 12.3 57 
 Male 82 81.2 19 18.8 101 
 Total 132 26 158 
       
Attempt 2 (n=20) Female 4 66.7 2 33.3 6 
 Male 8 57.1 6 42.9 14 
 Total 12 8 20 
       
Attempt 3 (n=4) Female 1 100.0 0 0.0 1 
 Male 1 33.3 2 66.7 3 
 Total 2 2 4 
Note: Attrition of 6 between attempts 1 and 2 and attrition of 4 between attempts  
2 and 3. 
 
 
attempt, 10 passed and 2 failed, with the 2 failures not opting for a third attempt. Candidates also 
made a maximum of two attempts on the Clinical Patient Management exam. One hundred 
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twenty three passed the first attempt and 28 failed. Six were lost to attrition, with the remaining 
22 re-taking the exam. Of the 22, 18 passed and 4 failed. The 4 who failed, did not make a third 
attempt. 
 
Table 12  
 
Per attempt pass/fail breakdown for the Written Simulation exam 
 
  Pass Fail Total 
  n % n %  
Attempt 1 (n=155) Female 48 85.7 8 14.3 56 
 Male 89 89.9 10 10.1 99 
 Total 137 18  155 
       
Attempt 2 (n=12) Female 4 100.0 0 0.0 4 
 Male 6 75.0 2 25.0 8 
 Total 10 2  12 
Note: Attrition of 6 between attempts 1 and 2. Two failures in attempt 2 did not re-take. 
 
Table 13 
 
Per attempt pass/fail breakdown for the Clinical Patient Management exam 
 
  Pass Fail Total 
  n % n %  
Attempt 1 (n=151) Female 48 85.7 8 14.3 56 
 Male 75 78.9 20 21.1 95 
 Total 123 28  151 
       
Attempt 2 (n=22) Female 2 66.7 1 33.3 3 
 Male 16 84.2 3 15.8 19 
 Total 18 4  22 
Note: Attrition of 6 between attempts 1 and 2. Four failures in attempt 2 did not re-take 
 
 As mentioned in Chapter One, the ABC examinations and passing scores are reviewed 
and revised annually, and new exams are administered at the beginning of each year (S. 
Ketevong, personal communication, November 20, 2013). For the Written Multiple Choice 
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exam, the passing score for 2012 exams was 106. The passing score for 2013 exams was 104. 
For the Written Simulation and Clinical Patient Management exams, the passing scores remained 
the same over both years, 500 and 217, respectively. Skewness figures were 0 or negative, 
indicative of left-skewness and the fact that most values were concentrated to the right of the 
mean. Kurtosis for Written Multiple Choice exam attempt 3 was much larger than all other 
kurtosis values, possibly as the result of a much smaller number of test-takers. Table 14 
summarizes descriptive statistics for the three prosthetics certification exams. Mean score by 
attempt were higher for the first attempt on each exam than subsequent attempts with the 
exception of attempt number 3 on the Written Multiple Choice exam.  
 
Table 14 
Prosthetics Examination exams score summary 
 
  Passing Score Mean SD Range Sk K 
Written Multiple Choice 106*, 104**       
  Attempt 1 116.26 12.35 82 141 -0.43 -0.05
 Attempt 2 104.25 9.23 87 120 -0.38 -0.45
 Attempt 3 108.50 9.68 98 119 0.00 -3.57
 Average 109.67   
   Written Simulation 500   
 Attempt 1 580.58 61.73 421 712 -0.36 -0.40
 Attempt 2 548.00 55.71 440 618 -0.50 -0.43
 Average 564.29   
   Clinical Patient Mgmt. 217   
 Attempt 1 232.52 19.79 175.5 270 -0.53 0.10
 Attempt 2 228.86 18.77 185.5 260 -0.37 0.11
 Average 229.99   
Note: * in 2012, ** in 2013. Sk: skewness. K: kurtosis.  
 
Results of the data analysis specific to the research questions 
 Prior to beginning statistical analysis directly related to the research questions, each of  
70 
the independent variables was tested for multicollinearity. Phi coefficient for dichotomous 
independent variables gender and credential extension produced a value of -.041 at significance 
of .608, which was not statistically significant (p>.05). Additionally, correlation studies were 
conducted to determine if any relationships existed between the three prosthetics certification 
exams. Moderate correlations existed between Written Multiple Choice and both Written 
Simulation and Clinical Patient Management exams (r=.442 for both), as well as between 
Written Simulation and Clinical Patient (r=.446).   
 Chi-square test of independence was used to test whether the categorical variables were 
independent of one another in the case of variables whose expected cell count was not less than 
5. For variables with expected cell counts less than 5, Fisher’s exact test was used. Independent 
t-tests were used to determine relationships between 2-level independent variables and 
continuous dependent variables in research questions 2, 3, and 4. ANOVA was used for the 4-
level independent variable institution type in research questions 2, 3, and 4.  
 Logistic regression was used to assess the nature and degree of relationships between the 
independent variables in research question 1 and the dichotomous dependent variable, success or 
failure on the prosthetics certification examination. Linear regression was chosen for research 
questions 2, 3, and 4, given that these questions had multiple independent variables and a 
continuous dependent variable (Worster, Fan, & Ismaila, 2007).  
 Research Question 1. 
 
 Research question 1 asked, is there a relationship between gender, institution type, and/or 
credential extension and success in achieving ABC prosthetics practitioner certification? Pearson 
Chi-square test of independence was used to test for significant relationships between the 
independent variables gender, institution type, and credential extension and the dependent 
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variable, passing or failing prosthetics certification. The Spec/Med variables had cell values less 
than 5; therefore, Fisher’s exact test was used. Chi-square analysis (Table 15) reflected that only 
credential extension was statistically significant (p=.000) with the dependent variable.  
 
Table 15 
Chi-square analysis results 
 Certified 
Independent Variables df p* 
Gender 1 .865
Credential Extension 1 .000
RU/VH 1 .617
Master’s 1 .259
Spec/Med 1 .590
Other 1 .966
Note: n=158, *p<.05. 
  
 Independent variables were tested for interaction effects on the dependent variable of 
status on the certification exam (p<.05), however none resulted. Given that there was no 
interaction effect between the independent variables, the logistic regression model included only 
the main effects for gender, institution type, and credential extension. As noted in the Methods 
section, dummy variables representing institution types RU/VH, Master’s, and Spec/Med were 
created. Other was assigned as the reference category. Only credential extension produced a 
statistically significant increase (p=.002) in successfully obtaining prosthetics certification (Table 
16). Candidates who sought credential extension were over 10 times more likely to pass than 
those who were seeking initial credential. 
 Research Question 2. 
 Research question 2 asked, is there a relationship between gender, institution type, and/or 
credential extension and performance on the ABC prosthetics Written Multiple Choice exam? 
72 
Independent t-tests were used to determine whether the difference between the groups were 
statistically significant. Means, standard deviations, and significance values for gender and 
credential extension are summarized in Table 17. Statistical significance (p=.000) once again 
resulted for credential extension. A one-way ANOVA was conducted for Institution Type and 
Written Multiple Choice exam score. Results indicated that the means were not statistically 
significant (p=.704). A summary of means and standard deviations for the ANOVA are included 
in Table 18. 
 
Table 16 
Logistic regression for ABC practitioner certification results based on gender,  
institution type, and credential extension 
 
Independent Variables β SE df p Odds Ratio 
Gender .158 .478 1 .742_  1.171 
Credential Extension 2.396 .762 1 .002* 10.975 
RU/VH .295 .553 1 .594_ 1.343 
Master’s -.062 .638 1 .922_ .940 
Spec/Med 17.910 16401.517 1 .999_ 60002471.8 
Constant .821 .475 1 .084_ 2.272 
Note: Gender (0=Female, 1=Male), Credential Extension (0=No, 1=Yes). *p<.05 
  
Table 17 
T-test results of gender and credential extension with Written Multiple Choice exam score 
Independent Variables n Mean SD t df Sig (2-tailed) 
Gender      
 Female 57 118.053 10.6577 -.250 156 .803_
 Male 101 117.624 10.2116  
Credential Extension   
 Yes 68 121.706 8.8420 -4.383 156 .000*
 No 90 114.811 10.483  
Note: *p<.05. 
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 Independent variables were tested for possible two-way interaction, but no statistically 
significant interactions resulted. Given that there was no interaction effect between the 
independent variables, the linear regression model included only the main effects for gender, 
institution type, and credential extension. As in research question 1, dummy variables 
 
Table 18 
ANOVA results of institution type and Written Multiple Choice exam score 
    95% CI 
Institution Type n Mean SD Lower Upper 
RU/VH 80 118.700 10.5343 116.356 121.044 
Master’s 30 116.967 10.6106 113.005 120.929 
Spec/Med 6 118.167 7.5211 110.274 126.060 
Other 42 116.548 10.2748 113.346 119.749 
   
 df F Sig.  
Between groups 3 .470 .704  
Within groups 154  
Total 157  
 
 
representing institution types RU/VH, Master’s, and Spec/Med were created. Other was assigned 
as the reference category.  The linear regression model found no statistical significance between 
gender (p=.695) or institution type (RU/VH: p=.146, Master’s: p=.381, and Spec/Med: p=.606) 
and performance on the Written Multiple Choice exam. Once again, credential extension had 
statistical significance (p=.000). Those taking the prosthetics certification exam in pursuit of 
credential extension, on average, scored approximately 7.5 points higher on the multiple choice 
exam compared to those candidates taking the exam as part of initial credentialing. All results for 
the linear regression are summarized in Table 19. 
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Research Question 3. 
 
 Research question 3 asked, is there a relationship between gender, institution type, and/or 
credential extension, and performance on the ABC prosthetics Written Simulation exam?  
Independent t-tests were used to determine whether the difference between the groups were 
statistically significant. Means, standard deviations, and significance values for gender and 
credential extension were obtained via independent t-test and are summarized in Table 20. 
 
Table 19 
Linear regression for Written Multiple Choice exam results based on gender,  
institution type, and credential extension 
 
 
Unstandardized 
Coefficients 
Standardized 
Coefficients 
 
Independent Variables b SE Beta p 
(Constant) 112.621 1.795 .000_ 
Gender .642 1.637 .030 .695_ 
Credential Extension 7.487 1.643 .360 .000* 
RU/VH 2.750 1.881 .133 .146_ 
Master’s 2.093 2.383 .080 .381_ 
Spec/Med -2.262 4.378 -.042 .606_ 
Note: Gender (0=Female, 1=Male), Credential Extension (0=No, 1=Yes). *p<.05. 
 
A one-way ANOVA was conducted for Institution Type and Written Simulation exam score. 
Written Simulation exam means by institution type were not statistically different (p=.735). A 
summary of means, standard deviations, and confidence intervals for the ANOVA are included 
in Table 21. 
 No interaction effect was noted between the independent and dependent variables. The 
linear regression model found no statistical significance for gender (p=.498) or institution type 
(RU/VH: p=.992, Master’s: p=.691, and Spec/Med: p=.979) on performance on the Written 
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Simulation exam. Credential extension had statistical significance (p=.006) in research question 
three as well. In this model, those extending credential scored approximately 39 points higher on 
the Written Simulation exam compared to those candidates taking the exam as part of initial 
credentialing. All results for the linear regression are summarized in Table 22. 
 
Table 20 
T-test results of gender and credential extension with Written Simulation exam score 
Independent Variables n Means SD t df Sig (2-tailed) 
Gender  
 Female 57 572.211 93.8385 .820 155 .413_
 Male 100 583.850 80.4247
Credential Extension  
 Yes 68 602.574 50.3902 -3.018 155 .003*
 No 89 562.090 101.4149
Note: *p<.05. 
 
Table 21 
ANOVA results of institution type and Written Simulation exam score 
    95% CI 
Institution Type n Mean SD Lower Upper 
RU/VH 80 580.388 84.5513 561.572 599.203 
Master’s 30 566.100 121.0427 520.902 611.298 
Spec/Med 6 601.000 52.3527 546.059 655.941 
Other 42 584.902 56.0370 567.215 602.590 
   
 df F Sig.  
Between groups 3 .425 .735  
Within groups 153  
Total 156  
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Research Question 4. 
 Research question 4 asked, is there a relationship between gender, institution type, 
credential extension and performance on the ABC Clinical Patient Management practical exam?  
T-test was used to determine whether the difference between the groups were statistically 
significant. Means, standard deviations, and significance values for gender and credential 
extension were obtained via t-test and are summarized in Table 23. A one-way ANOVA 
 
Table 22 
Linear regression for Written Simulation exam score based on gender,  
institution type, and credential extension 
 
 Unstandardized 
Coefficients 
Standardized 
Coefficients 
 
Independent Variables b SE Beta p 
(Constant) 567.671 15.657 .000_ 
Gender -9.554 14.059 -.054 .498_ 
Credential Extension 39.101 14.146 .228 .006* 
RU/VH .170 16.267 .001 .992_ 
Master’s -8.177 20.565 -.038 .691_ 
Spec/Med -.995 37.577 -.002 .979_ 
Note: Gender (0=Female, 1=Male), Credential Extension (0=No, 1=Yes). *p<.05. 
 
conducted for Institution Type and Clinical Patient Management exam score revealed no 
statistical significance between group means (p=.512). A summary of means, standard 
deviations, and confidence intervals for the ANOVA are included in Table 24. 
 No interaction effect was noted between the independent and dependent variables. The 
linear regression model did not reveal statistical significance between gender (p=.319) or 
institution type (RU/VH: p=.325, Master’s: p=.075, and Spec/Med: p=.780) and performance on 
the Clinical Patient Management exam. Credential extension had statistical significance (p=.005) 
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in performance on the Clinical Patient Management exam. In this model, those extending 
credential scored approximately 24 points higher on the Clinical Patient Management exam  
compared to those candidates taking the exam as part of initial credentialing. All results for the 
linear regression are summarized in Table 25. 
Summary 
 Descriptive statistics revealed that the majority of candidates taking the prosthetics  
certification exam were male (63.9%). By gender, 84.2% of females and 84.2% of males  
 
Table 23 
T-test results of gender and credential extension with Clinical Patient Management exam score 
Independent n Means SD t df Sig (2-tailed)
Gender     
 Female 57 231.5395 35.47298 -1.003 156 .317_
 Male 101 223.0119 58.32899  
Credential Extension   
 Yes 68 238.1140 15.08257 -2.608 156 .010*
 No 90 217.0022 65.41466  
Note: *p<.05. 
 
Table 24 
ANOVA results of institution type and Clinical Patient Management exam score 
    95% CI 
Institution Type n Mean SD Lower Upper 
RU/VH 80 226.0813 47.84629 215.4336 236.7289
Master’s 30 235.1583 16.09769 229.1474 241.1693
Spec/Med 6 238.0000 17.53639 219.5967 256.4033
Other 42 217.9214 72.80414 195.2341 240.6088
   
 df F Sig.  
Between groups 3 .772 .512  
Within groups 154  
Total 157  
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succeeded in achieving prosthetics certification. Viewing gender in the context of institution 
type, males and females performed comparably. Candidates from Spec/Med institutions fared  
 best, with 100% of candidates succeeding in obtaining prosthetics certification. RU/VH 
graduates also fared well, with 86.7% of females and 86% of males passing. Among those 
attempting credential extension, 91.8% passed while only 8.2% failed. Of those not attempting 
credential extension, 77.6% passed and 22.4% did not. By gender, all males who were 
attempting credential extension succeeded, as did 91.3% of females. Eighty-one percent of 
females and 75.3% of males were able to gain certification by having to take each of the three 
exams only once. 
 
Table 25 
Linear regression for Clinical Patient Management exam score based on gender, 
institution type, and credential extension 
 
 Unstandardized 
Coefficients 
Standardized 
Coefficients 
 
Independent Variables b SE Beta p 
(Constant) 203.517 9.199 .000_ 
Gender 8.389 8.390 .079 .319_ 
Credential Extension 24.016 8.422 .232 .005* 
RU/VH 9.512 9.641 .093 .325_ 
Master’s 21.882 12.216 .168 .075_ 
Spec/Med 6.273 22.443 .023 .780_ 
Note: Gender (0=Female, 1=Male), Credential Extension (0=No, 1=Yes).*p<.05. 
 
 The average score on the Written Multiple Choice exam was 109.67 with the passing 
threshold of 106 in 2012 and 104 in 2013. The Written Simulation average score was 564.29 
with a passing score threshold of 500. The Clinical Patient Management exam average score was 
229.99 with a passing score threshold of 217. On average, females scored higher on the Written 
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Multiple Choice and Clinical Patient Management exams. Regardless of gender, those extending 
credential scored higher on all three exams.  
 Specific to the research questions, credential extension was the only independent variable 
that produced statistical significance in each of the research questions. In research question 1, 
credential extension had statistical significance with the dependent variable success or failure on 
the ABC prosthetics certification exam. Also in research question 1, credential extension was 
significant in the logistic regression model. In research questions 2, 3, and 4 independent t-tests 
showed significance between credential extension variable and the means on each of the three 
exams. Additionally, credential extension was the only variable of significance in each of the 
linear regressions in research questions 2, 3, and 4.  
 The following chapter, Chapter Five, presents a discussion of the study results, 
recommendations for practice, and suggestions for future studies.  
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CHAPTER FIVE: 
 
DISCUSSION 
 
 
 
 The purpose of this study was to determine if relationships existed in prosthetics 
certification success or failure as well as on the three prosthetics certification exams (Written 
Multiple Choice, Written Simulation, and Clinical Patient Management) based on gender, 
Carnegie classification of the institution from where a student received the degree, and credential 
extension. The research sample consisted of those candidates who completed residency in 2011 
and 2012. The study design was a quantitative, retrospective, secondary data analysis of de-
identified prosthetic resident data provided by ABC and NCOPE. 
 This study is the first conducted regarding predictors of success on the ABC prosthetics 
certification exams and prosthetics certification. This presented the opportunity to make the first 
contribution to the knowledge base, and inform the profession, educators, students, and the 
accrediting bodies regarding the potential influence of these factors on success or failure on the 
prosthetics certification exams and prosthetics certification. However, the fact that this is the first 
study conducted on this topic also presented challenges. Since no literature specific to predictors 
of success exists in prosthetics, it was impossible to draw comparisons between the results of this 
study and prior results. Therefore, literature from other professions was used as necessary.  
 The four research questions sought to investigate whether relationships existed between 
the independent variables gender, Carnegie classification of the institution from which a student 
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received the degree, and credential extension, and the dependent variables prosthetics 
certification attainment, Written Multiple Choice exam score, Written Simulation exam score, 
and Clinical Patient Management exam score.  This chapter will discuss the results from chapter 
4, beginning with a discussion regarding the descriptive statistics. Then results from the research 
questions will be discussed, but will be organized by independent variable. Given that the four 
research questions closely paralleled each other regarding the predictor variables, and it is the 
predictor variables that are of interest, each variable can be discussed more completely in its own 
section. A similar approach was also used by some of the dissertations reviewed as part of this 
study. 
Descriptive Statistics 
 Descriptive statistics revealed that, based solely on gender, pass and fail rates on the ABC 
prosthetics certification exam were identical, with 84.2% of each group obtaining certification. 
By institution type, the Spec/Med category had a 100% pass rate, followed by RU/VH with an 
86.3% pass rate, Other with 83.3%, and Master’s with a 76.7% pass rate. The number of 
candidates for the Spec/Med was small in this study, with only 6 candidates taking the exam. The 
RU/VH category had the largest number of candidates of the 4 institution types with a total of 
80. One hundred three of the 158 candidates (65.2%) passed all three exams on the first attempt. 
The 103 candidates were 77.4% of the 133 candidates who successfully obtained prosthetics 
certification. By gender, 81.3% of females and 75.3% of males passed on first attempt. 
 Pass rates on the ABC prosthetics certification exam were comparable to other 
professions. For example, Fullerton and Severino (1995) observed a 93% pass rate on the 
National Certification Examination for nurse midwives, Lamm and McDaniel (2000) a 92.2% 
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pass rate on the National Council Licensure Examination for practical nursing students, and 
Zaglaniczny (1992) an 82% pass rate on the National Certification Exam for Nurse Anesthetists.  
Rollins, Martindale, Edmond, Manser, and Scheld (1998) found a 69% pass rate on the American 
Board of Medicine certifying examination. Fernandez, Studnek, and Margolis (2008) observed a 
66.3% pass rate on the National Paramedic Certification Examination in that study. Stewart, 
Bates, and Smith (2006) noted pass rates by dental procedure, which included Class II composite 
(77%), Class IV composite (78%), Class II amalgam (81%), Fixed Abutment/Bridge Prep (66%), 
and Endodontic (73%). Therefore, an 84.2% pass rate on the ABC prosthetics certification exam 
was in the range of pass rates of other studies reviewed as part of this study’s literature review. 
 Other studies reported first attempt pass rates. For example, Herndon, Allan, Dyer, Jawa, 
and Zurakowski (2009) observed an 88% first time pass rate on the American Board of 
Orthopaedic Surgery (ABOS) Part I exam and a 93% pass rate on the ABOS Part II exam. Based 
on AOA membership, first attempt pass rates for AOA members were 96% on the ABOS I and  
98% on the ABOS II. For non-AOA members, rates were 81% on ABOS I and 82% on ABOS II. 
De Virgilio et al. (2010) found first time pass rates on the American Board of Surgery qualifying 
and certifying examinations to be 78% and 74%, respectively. McClintock and Gravlee (2010) 
observed a 68% first time pass rate for those successfully passing parts I and II of the American 
Board of Anesthesiology certification exam. Again, prosthetics certification exam pass rates 
were comparable when evaluating by first time pass rates, with 77.4% of all candidates passing 
on the first attempt and 81.3% of females and 75.3% of males succeeding on the first attempt. 
 The National Athletic Trainers’ Association Board of Certification, Inc. (NATABOC) 
certification exam closely parallels the ABC certification exam in that it is made up of 3 exams 
which must be passed in order to obtain NATABOC certification. Harrelson, Gallaspy, Knight, 
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and Leaver-Dunn (1997) found that 40.4% of students succeeded in obtaining NATABOC 
certification on the first attempt. By exam, 63.5% passed the written section, 42.2% passed the 
written simulation section, and 76.9% passed the oral/practical on first attempt. By comparison, 
83.5% of candidates passed the ABC written multiple choice exam, 86.7% passed the written 
simulation and 77.8% passed the clinical patient management practical exam on first attempt. 
While the practical scores were comparable, the pass rates on the written and simulation exams 
were better for the prosthetics candidates. 
 The descriptive statistics begin to reflect the trend that is also evident in the Credential 
Extension section later in this chapter, that of superior performance by those seeking credential 
extension. Ninety-one percent of those extending credential successfully obtained prosthetics 
certification. Reasons for better performance will be discussed in the Credential Extension 
section. It is worth considering how the same level of proficiency can be mirrored by those not 
extending credential. Identifying topics on which credential extenders perform better is an 
important first step. This could be facilitated by knowing performance per exam question, which 
will be discussed more extensively in Recommendations and Future Research section of this 
chapter. With that information, academic program as well as residencies’ curriculum could be 
better tailored to address the issues. Also, focused preparation courses offered ahead of the 
certification exams could help elevate the pass rates of those not extending credential closer to 
match or exceed the level of those who did. 
 Candidates attempted each exam at least twice, with the Written Multiple Choice having 
several candidates attempt a third try. Looking at the first attempt for each exam, 158 candidates 
took the Written Multiple Choice, 155 took the Written Simulation, and 151 took the Clinical 
Patient Management. Specific details and tracking by candidate are not available; therefore, 
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speculation on patterns is difficult. However, the exams are frequently discussed in the same 
order as they were presented above. If candidates take them in that order, it is possible that some 
who struggle with one (and persevere through multiple attempts) opt to not take the subsequent 
ones, thus accounting for the decreased first attempt numbers.  
Gender 
 This study’s research questions asked whether gender played a role in successfully 
obtaining prosthetics certification (RQ1) and in written multiple exam (RQ2), Written 
Simulation (RQ3), and Clinical Patient Management (RQ4) exam scores. There were no 
statistically significant results between gender and any of the dependent variables: prosthetics 
certification (p=.865), Written Multiple Choice exam score (p=.695), Written Simulation exam 
score (p=.498), and Clinical Patient Management exam score (p=.319). 
 This was not entirely surprising, since 6 of 11 studies summarized in the literature review 
that included gender as a predictor variable did not find it to be statistically significant. On the 
NCLEX-RN, Beeson and Kissling (2001) did not find gender statistically significant as a 
predictor of success on the NCLEX-RN (p=.43), Englert (2009), p=.55, Fortier (2010), p=.947, 
and Benefiel (2011), p=.546. Shellito, Osland, Helmer and Chang (2010) did not find gender to 
be a significant predictor (p=.263) of first-time pass rates on the American Board of Surgery 
examinations. Kim, Wallace, Allbritton, and Altose (2012) found that gender was not significant 
(p=.25) in predicting success on the American Board of Anesthesiology part 1 examination, 
though they noted that males scored slightly better. 
 The studies that found gender to be a significant predictor of success on certification 
exams include Lary (1991), who found gender to be a predictor of success on the Patient 
Management Problems component (p=.0427) and the composite score (p=.0263) on the 
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certification exam for physician assistants. Zaglaniczny (1992) found that gender was 
statistically significant (p<.05) on the National Certification Examination for nurse anesthetists, 
with males scoring better than females. Stewart, Bates, Smith and Young (2006) found that 
males had significantly (p=.0119) higher scores on the Dental State Licensure Exam. Fernandez, 
Studnek, and Margolis (2008) also found that males scored significantly (p=.001) higher on the 
National Paramedic Certification Examination. Finally, McClintock and Gravlee (2010) found 
that men scored higher (p<.001) on the American Board of Anesthesiology certification exam. 
 Further analysis reveals a pattern among these studies. Those that found significance 
tended to have larger sample sizes. For example, sample size values for those studies that found 
significance included: 429 (Lary, 1991), 1,690 (Zaglaniczny, 1992), 2,458 (McClintock & 
Gravlee, 2010), and 5,208 (Fernandez, Studnek, & Margolis, 2008). Stewart, Bates, Smith and 
Young (2004) had varying sample sizes depending on the particular exam, but all sample sizes 
included at least 273 test takers. Conversely, the studies that did not reveal statistical significance 
had sample sizes of 77 (Shellito, Osland, Helmer & Chang, 2010), 97 (Kim, Wallace, Allbritton, 
& Altose, 2012), 120 (Englert, 2009), and 175 (Fortier, 2010). The largest sample size that did 
not find significance was in Beeson and Kissling’s (2001) study with a sample size of 505. 
 Gall, Gall and Borg (2003) stated, “the larger the sample, the smaller the difference, 
relationship or effect needed to reject the null hypothesis” (p. 141). It is possible that a larger 
sample size provided by ABC and NCOPE would reveal significance regarding gender and 
performance on the ABC prosthetics certification exams and on prosthetics certification. Should 
statistical significance result from a larger sample, the question of implications arises. Title IX of 
the Education Amendments of 1972 prohibits gender discrimination under vocational, 
professional, graduate higher education, and undergraduate higher education programs (Title IX, 
86 
n.d.). Therefore, approaches to address differences based on gender would need to be undertaken 
within academic programs or residencies. For example, Stewart, Bates, Smith and Young (2006) 
recommend the possibility of specialized approach by faculty to include technical feedback and 
constructive comments. In the scenario of desiring a diverse workforce, Fernandez, Studnek, and 
Margolis (2008) indicate the need for allocating additional resources to help at-risk students 
succeed. 
 Also, while statistical significance based on gender did not result within the context of 
this study, it is possible that it exists in other contexts such as gender and patient compliance, 
patient outcomes, income inequality, job satisfaction, or even in laboratory performance in the 
academic program. Based on the physical nature of laboratory work, performance differences 
based on gender may arise. These are possible avenues for further research and will be included 
in the recommendations section at the end of this chapter. 
Institution Type 
 This study’s research questions also investigated whether institution type according to the 
Carnegie classifications from where students graduated played a role in successfully obtaining 
prosthetics certification (RQ1) and in Written Multiple Choice (RQ2), Written Simulation 
(RQ3), and Clinical Patient Management (RQ4) exam scores. There were no statistically 
significant results between institution type and any of the dependent variables. 
 The only study located that performed a similar study was by Utzman, Riddle and Jewell 
(2007), who used the Carnegie classification as a potential predictor of success on the National 
Physical Therapy Examination (NPTE). The authors found no significance according to Carnegie 
classification (p=.078). In the same study, however, geographic region proved to be a significant 
predictor of failure on the NPTE (p<.001). The authors indicated only that students in the south 
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failed at a rate 1.8 times higher than other regions, but did not disclose how many regions were 
used in the analysis. Given that there are 218 accredited physical therapy programs nationwide 
(Quick Facts. n.d.), physical therapy students may be able to attend a local program as well as 
have a larger selection of potential programs which to apply. However, with only 11 prosthetics 
and orthotics programs nationwide, this is not an option for prosthetics and orthotics students, 
making it imperative that all programs, regardless of geographic location or institution’s 
Carnegie classification, adequately prepare students prior to residency and examinations. 
 In this research question, hypothesizing whether a larger sample size would yield 
different results was more ambiguous. Utzman, Riddle and Jewell (2007) used a sample size of 
3,365 students from 20 programs. The article did not discuss how many Carnegie classifications 
the 20 programs represented. During the time period of interest for this study, there were 11 
accredited prosthetics and orthotics programs spanning 5 Carnegie classifications and one 
institution that did not have a Carnegie classification. Once the 3 institutions with provisional 
accreditation receive full accreditation, there will be 13 accredited prosthetics and orthotics 
programs – still with the same Carnegie classifications – which could potentially produce a 
larger sample size and affect results. Given the limited number of prosthetics and orthotics 
programs across the country, replicating the geographic design used by Utzman, Riddle and 
Jewell (2007) would not be feasible, as the sample size in each group would likely be too small 
to conduct adequate statistical analysis. 
 It is also important to observe that the residency process occurs between completion of 
the academic program and taking the certification exam. A candidate’s residency experience 
likely affects the learning process. NCOPE asks residency sites to classify themselves as private 
practice, college/university, or hospital/clinic (Application for accreditation, 2013). Just 
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considering this level of residency site classification, it seems possible that residency training 
could be a factor in exam performance. For example, the number of patients seen and the variety 
of etiologies could vary from site to site.  
Credential Extension 
 This study’s research questions also investigated whether credential extension had a 
relationship with successfully obtaining prosthetics certification (RQ1) and in Written Multiple 
Choice exam (RQ2), Written Simulation (RQ3), and Clinical Patient Management (RQ4) exam 
scores. As previously discussed, credential extension refers to the situation when a candidate for 
prosthetics certification (CP designation) previously succeeded in obtaining orthotics 
certification (CO designation). Dual credentialing is unique to prosthetics and orthotics. 
However, in the study regarding Certified Financial Planner (CFP) certification examination, 
Grange, Hampton, Cutler, Langdon and Ryan (2003) found statistical significance (p<.05) 
between Certified Public Accountant (CPA), Enrolled Agent (EA), or Securities licenses and 
success on the CFP certification exam. In the health professions, the only similar professional 
scenario is perhaps in medicine, where physicians can extend their specialization within a 
specific area of their discipline by obtaining board certification via the American Board of 
Medical Specialties (Horowitz, Miller, & Miles, 2004).  
 Credential extension was the one independent variable that produced statistically 
significant results with regard to success on achieving prosthetics certification as well as 
performance on the three prosthetics certification exams. The fact that this occurred is plausible. 
Candidates seeking prosthetics certification who previously obtained orthotics certification 
presumably had familiarity with the exam process as a whole. Having already gone through one 
discipline’s exam process, they already understood the rigors of studying for such an exam. 
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Candidates also might have learned strategies on how to better study or prepare for the exams. 
Specific to the Clinical Patient Management exam, candidates experienced a similar setting once 
previously, in terms of patient, tester, etc. and were more familiar in what to expect in the exam 
setting. Further, it is possible that they were able to draw upon their orthotics clinical knowledge 
and apply it in a prosthetics setting, thus providing an advantage over those who only completed 
prosthetics residency. Given that not every graduate from a prosthetics and orthotics program 
will seek dual-credentialing by credential extension, the question for educators and residency 
directors in the prosthetics profession is whether there learning can be facilitated in those not 
extending credential so that their success rates are closer to those who are.  
Recommendations and future research 
 This study was the first of its kind regarding prosthetics certification success. The 
variables used in this study were the ones that ABC and NCOPE currently store in their 
databases. The good record keeping maintained by both NCOPE and ABC enabled this initial 
analysis to take place. However, as Appendix 1 indicates, there are many variables of interest 
that can be assessed as predictors of success. Meaningful analysis and comparisons between  
more variables could potentially produce results of interest.  
 Some variables that proved significant in studies summarized in the literature review are 
readily available to NCOPE. For example, grades of courses of possible interest, such as 
anatomy, and overall GPA are in transcripts that students are required to provide at the time they 
apply for residency (Resident registry, n.d.). Therefore, tremendous opportunity exists to gather 
further data, which would allow analyses similar to those covered in this study’s literature review 
to be conducted in prosthetics. 
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 Specific to course grades, Barkley, Rhodes, and Dufour (1998) found that the chance of 
failure increased when a student earned a C in any clinical course (Chi-square 21.77, p=.000) or 
nursing theory course (Chi-square 15.77 p=.000). It increased more with two Cs in nursing 
theory (Chi-square 27.76, p=.000) and greater with three Cs (chi square 29.18, p=.000). Bolender 
(2001) found that pharmacotherapeutic grade was a significant predictor (p<.001). Englert 
(2009) found grades in 10 of 14 nursing courses provided significant (p<.01) and grades in one 
course proved significant at p<.05. Finally, Yin and Burger’s (2003) study found that the grade 
in introductory psychology course had a relationship (p<.002) on performance on the 
certification exam. 
 Grade point average (GPA) is also provided in transcripts, and has had significant results 
in a number of studies. Utzman, Riddle, and Jewell (2007) and Bolender (2001) found 
significance between undergraduate GPA and success on certification exams. Englert (2009) 
found significance between nursing GPA in each of the five semesters of the nursing program, 
cumulative GPA (both p<.01) and success on the certification exam. Benefiel (2011) found pre-
nursing GPA (p=.002), first semester GPA (p=.012), and nursing GPA (p<.001) all to be 
significant predictors. Fortier (2010) found that overall GPA proved statistically significant 
(p=.001) in predicting performance on the NCLEX-RN. Middlemas, Manning, Gazzillo, and 
Young (2001) found significance between the independent variable GPA and the dependent 
variables of written, oral practical, and simulation components of the exam and the passing score 
on the entire examination were statistically significant (p≤.05). Yin and Burger (2003) found that 
college GPA prior to admission (p<.024) and college natural science GPA (p<.018) were 
predictors. Finally, in Zaglaniczny’s (1992) stepwise regression analysis, science GPA, and 
overall GPA were among the predictors, (both p<.01). 
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 Another variable of interest that can be tracked is time between residency completion and 
taking the prosthetics certification exam. Currently, there is no requirement limiting the amount 
of time between one and the other. While fewer studies have evaluated the time gap as a 
predictor of success or failure, Benefiel (2011) found an inverse relationship between time from 
graduation to NCLEX-RN success (p=.006) in the 167 students sampled in her study. Likewise, 
Fernandez, Studnik and Margolis (2008), in evaluating the success rate of 5,208 students, found 
that elapsed time since course completion also proved significant with 27-54 days and 55-732 
each having a p-value of <.001. Only Beeman and Waterhouse (2003) did not find any 
significance between the number of weeks between graduating and taking the NCLEX-RN in 
their sample of 12 students.  
 As mentioned previously, the residency process occurs between completion of the 
academic program and taking the certification exam. Even though specific competencies must be 
met in order to complete residency, a candidate’s residency experience could potentially affect 
the learning process. Residency sites are classified as one of three types: private practice, 
college/university, or hospital/clinic (Application for accreditation, 2013). The number of 
patients seen and the variety of etiologies could vary from site to site, thus potentially affecting 
residents’ learning opportunities. Analysis of certification exam results by residency type in 
addition to institution type could be used to look for performance patterns based on that predictor 
variable. 
 Another avenue for further research would be analysis of performance on individual 
exam questions. Based on the information available regarding ABC exam construction, 
psychometrics, and annual evaluation, the exam appears to be reasonably good. However, an in-
depth analysis by individual question performance would demonstrate how candidates respond to 
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specific topics. The results could shed insight into how well candidates understand specific 
competencies or may help identify issues regarding question design.  
 Repeating analyses conducted in this study could also prove beneficial. As noted in the 
discussion regarding research question 1, several studies that found significance regarding 
gender and success on certification exams had larger sample sizes. Thus, repeating this study 
with a larger sample size could potentially yield different results. It would also allow for 
generalizability of results. Repeating the study with a more homogeneous sample would help 
control extraneous variables, but would limit generalizability.  
 Specific to gender, while statistical significance based on gender did not result in this 
study, it is possible that differences based on gender exist in other contexts such as gender and 
patient compliance, patient outcomes, or even in laboratory performance in the academic 
program. Based on the physical nature of laboratory work, performance differences based on 
gender may arise. Therefore, other analyses based on gender would serve to inform. 
 Given the close relationship that exists between orthotics and prosthetics, conducting any 
of these studies in orthotics would also constitute a possibility for related research. Also, 
residency format changed from hours-based to outcomes-based. Presently, an insufficient 
number of students who completed outcomes-based residency and took prosthetics certification 
exam rendered any type of analysis premature. However, in the near future, a large enough 
number of candidates who take the prosthetics certification exam will have completed residency 
under the new outcomes-based standards. Thus, studies comparing exam performance of hours-
based residents versus outcomes-based residents would be valuable. 
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 It should be re-emphasized that both the prosthetics and orthotics professions are 
stabilizing from the change to the Master’s degree and outcomes-based residencies. It is possible 
that instability from these changes could affect results. Thus, future analyses would be beneficial.  
 In conclusion, this study presented the first known analysis regarding predictors of 
success on the ABC prosthetics certification examination. Recommendations for expanded data 
collection comparable to other healthcare professions were provided. This study informed the 
profession of the relationship between available predictors and variables of interest related to the 
ABC prosthetics certification exam. Further, it informed the profession of its status concerning 
collecting additional variables of interest that would permit analysis of more robust information, 
including grades on specific courses of interest, various GPAs and time between residency 
completion and exam date. With the focus on keeping pace with “other allied health 
professionals” (Malas,2006) as an onus, making the recommended changes would undoubtedly 
help the prosthetics profession keep pace and become a leader in best educational and clinical 
practices in managing patients who utilize prosthetic technologies.  
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Appendix A: Summary of independent variables 
Table A1  
 
Summary of independent variables by profession 
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Academic variables 
Academic minor ● 
Educational background (GED, high school, BS, etc) ● 
Academic degree prior to entering PA program ● 
Existing Doctor of Physical Therapy (DPT) degree ● 
Highest degree earned/highest education level completed ● ● 
Institution attended ● 
Class rank ● 
Undergraduate major ● 
Years of education ● 
High school class rank ● 
Number of science hours in an anesthesia program ● 
Number of semesters of university enrollment ● 
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Demographics 
Age ● ● ● ● ● ● 
Race or Ethnicity ● ● ● 
Under-represented minority status ● 
Gender ● ● ● ● ● ● ● ● 
Primary language ● 
Discipline-specific exams & related variables
Biannual BSE scores ● 
Dental Admissions Test academic average & Perceptual 
Ability Test score ● 
ITE score ● ● ● ● 
Mock board exam score ● 
National League for Nursing (NLN) Achievement Test score ● 
NPTE version ● 
Existing titles/licenses/designations 
Existing CFA and/or CPA designation ● 
Fellowship 
Fellowship training pursued (yes/no) ● 
Type of fellowship ● 
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Geographic Variables 
Practice setting (in patient hospital, home health care, 
Physician office, etc) ● 
Program setting (academy, hospital, college, univ, etc) ● 
Location (urban, rural, suburban) ● 
GPA 
Undergraduate nursing GPA ● 
Undergraduate GPA ● 
Science GPA ● 
Prerequisite GPA ● 
Nursing course/clinical grades/GPA ● 
Non-prerequisite GPA ● 
Non-nursing GPA ● 
Academic minor GPA ● 
Athletic Training GPA ● 
Dental School entering & graduating GPA ● 
GPA ● ● ● ● 
GPA in educational program or major ● ● 
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In-Training Exam (ITE) Score 
ABA-ASA ITE scores ● 
ABSITE score ● 
ABSITE score during final year of residency ● 
ABSITE scores for each postgraduate year ● 
OITE year 5 score ● 
OITE years 2-4 mean percentile score ● 
Life/Personal Factors 
Child care requirement ● 
Marital Status ● ● 
Internal blocks to success ● 
External blocks to success ● 
Occurrence of a major life event ● 
Known history of substance abuse ● 
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Other Variables 
Accreditation Council for Graduate Medical Education 
accreditation review cycle length ● 
Alpha Omega Alpha status ● ● 
Case hours ● 
Clinical background before entry ● 
Clinical procedures ● 
Clinical productivity measures ● 
Number of cases ● 
Cohort ● 
Course completion as requirement for employment ● 
Dean's letter ● 
Employer incentives for taking the exam ● 
Employment status ● 
Enrollment status in program ● 
Faculty evaluations of resident performance ● ● 
Final total major operative case volume ● 
Fraternity/sorority affiliation ● 
Honors in third-year surgery clerkship ● 
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Other Variables (continued) 
Hours of clinical education ● 
How the participant heard about certification ● 
Instructor qualifications ● 
Interview score ● ● 
Length and type of nurse anesthesia program ● 
National program accreditation ● 
Number of honors received during  clinical years in medical 
school ● 
Number of unsatisfactory clinical competency committee 
reports ● 
Physical Therapist education program ● 
Preadmission letters scores ● 
Reason for taking the exam ● 
Resident awards ● 
Teaching versus non-teaching degree track ● 
Time taken to complete educational program ● 
Total number of hours worked ● 
Transfer status ● 
Type of medical degree completed ● 
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Other Variables (continued) 
Type of nursing preparation ● 
U.S. or foreign medical school ● 
Standardized Exam Results 
ACT score ● ● ● 
ACT subscale scores ● 
GRE scores (verbal and quantitative) ● 
SAT math ● 
SAT score ● ● 
SAT verbal ● 
Study habits & aids prior to exam 
Frequency of using various study materials ● 
Number of hours of study, sleep and exercise weekly ● 
Number of hours studied for exam ● 
Study and other activities the week before taking NCLEX-RN ● 
Study aids used ● 
Total number of hours studied ● 
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Time between program completion and exam
Number of weeks between graduation and taking NCLEX-RN ● 
Time between completing program and taking exam ● 
Time since course completion to completion of exam ● 
USMLE scores 
USMLE Step 1 and 2 scores ● ● 
USMLE Step 1 score ● 
First-attempt USMLE steps 1 & 2 scores ● 
Work History 
Amount of time worked as an asthma educator, coordinator, or 
counselor ● 
Years of clinical nursing experience ● 
Type of critical care background prior to program admission ● 
Primary business activity ● 
Previous health care experience ● 
Nursing skills as part of job ● 
Number of years worked in the financial services industry ● 
Hours/week practiced in asthma education, coordination or 
counseling ● 
Total independent variables by profession 9 9 6 3 14 1 10 6 12 29 15 14 5 11 
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Table A2 
 
Summary of independent and dependent variables of articles in literature review 
 
Author(s) Year Title Independent Variables Dependent Variables 
Arathuzik, D. 
Aber, C. 
 
1998 Factors Associated with 
National Council Licensure 
Examination – Registered 
Nurse Success 
Primary language; Employment status; 
Undergraduate nursing GPA; Nursing skills 
as part of job; Child care requirement; 
Internal blocks to success; External blocks to 
success; Sense of competency in taking tests 
that require critical evaluation & thinking 
 
NCLEX-RN success or 
failure 
Barkley, T.W. 
Rhodes, R.S. 
Dufour, C.A. 
 
 
1998 Predictors of Success on the 
NCLEX-RN: Among 
Baccalaureate Nursing 
Students 
National League for Nursing (NLN) 
Achievement Test scores; GPA; ACT and 
SAT scores; grades in various 
nursing courses  
 
NCLEX-RN success or 
failure 
Beeman, P.B. 
Waterhouse, J. K. 
2003 Post-graduation Factors 
Predicting NCLEX-RN 
Success 
Demographics; work, and study-method 
variables; number of hours of study, sleep, 
and exercise each week; total number of 
hours worked; total number of hours studied; 
occurrence of a major life event, number of 
weeks between graduation and taking the 
NCLEX-RN; study and other activities the 
during week before taking the NCLEX-RN; 
frequency of using various study materials.  
 
NCLEX-RN success or 
failure 
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Author(s) Year Title Independent Variables Dependent Variables 
Benefiel, D. 2011 Predictors of Success and 
Failure for ADN Students on 
the NCLEX-RN 
Gender, ethnicity, age, type of student, pre-
nursing GPA, TEAS composite score, TEAS 
subtests scores, TEAS attempts, first 
semester GPA, nursing program GPA, 
number of course repeats, ATI 
comprehensive predictor test, time from 
graduation to NCLEX-RN 
NCLEX-RN success or 
failure 
Bolender, J.S. 2001 Predictors of Certification 
Scores in Family Nurse 
Practitioners: Personality, 
Academic and Demographic 
Factors 
Extraversion, neuroticism, openness to 
experience, agreeableness, and 
conscientiousness, age, number of years 
in a clinical practice before entering a 
family nurse practitioner program, 
undergraduate GPA, pathophysiology 
grade, and pharmacotherapeutics grade 
Family nurse practitioners 
certification exam scores 
Bonte-Eley, S.M. 2002 Utilizing Selected Criteria in 
a Community College Setting 
for Prediction of NCLEX 
Success by Practical Nursing 
Students 
Age, marital status, method of high 
school completion, presence of 
dependents, employment status, financial 
status. basic assessment battery test, 
remediation class requirements NLN pre-
practical nursing assessment score, 
Introductory Practical Nursing course 
and certification as a basic nurse assistant 
First-time NCLEX-PN 
success or failure 
de Virgilio, C. 
Yaghoubian, A.  
Kaji, A.  
Collins, J.C.  
Deveney, K.  
et al 
2010 Predicting Performance on 
the American Board 
of Surgery Qualifying and 
Certifying Examinations 
U.S. or foreign medical school; USMLE 
steps 1 and 2 scores, ABSITE scores for each 
postgraduate year (PGY); ABSITE score 
during the final year of residency; final total 
major operative case volume; fellowship 
training pursued (ACGME-accredited or 
non-ACGME-accredited post–general 
surgery residency graduate education), and 
type of fellowship 
 
ABOS qualifying exam score 
ABOS certifying exam score 
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Author(s) Year Title Independent Variables Dependent Variables 
Englert, N.C. 2009 The Relationship Between 
Selected Variables and the 
National Council Licensure 
Examination for Registered 
Nurses: A Comparative 
Analysis of Pass/Fail 
Performance for Traditional 
and Second-Degree 
Baccalaureate Students 
Age, ethnicity, gender,  program track, 
GPA, standardized nursing exam scores, 
and nursing course grade 
NCLEX-RN performance 
Fernandez, A.R. 
Studnek, J.R. 
Margolis, G.S. 
 
2008 Estimating the Probability of 
Passing the 
National Paramedic 
Certification Examination 
Age, gender, race, high school class rank, 
course completion as requirement for 
employment, years of education, time since 
course completion to completion of cognitive 
exam, instructor qualifications, program 
setting, national program accreditation 
 
National Paramedic 
Certification Exam success or 
failure 
Fortier, M.E. 2010 Predictors of Success on the 
National Council Licensure 
Examination for Registered 
Nurses Among Transfer BSN 
Students 
Age, gender, pathophysiology grade, 
adult nursing I grade, final GPA and 
TEAS examination score 
NCLEX-RN success or 
failure 
Froman, R.D. 
Owen, S.V. 
1989 Predicting Performance on 
the National Council 
Licensure Examination 
Age, SAT math, SAT verbal, transfer status, 
non-nursing GPA, nursing course GPA, and 
nursing clinical GPA 
 
NCLEX-RN score 
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Author(s) Year Title Independent Variables Dependent Variables 
Grange, E.V. 
Hampton, V.L. 
Cutler, R. 
Langdon, T.P. 
Ryan, M.T. 
2003 Factors associated with 
success on the CFP 
certification examination 
Institution attended, primary business 
activity, highest degree earned, 
undergraduate major, undergraduate GPA, 
number of years worked in the financial 
services industry, existing CFA designation, 
existing CPA designation, holder of various 
licenses/designations, reason for taking the 
exam, employer incentives for taking the 
exam, time taken to complete educational 
program, GPA in educational program, time 
between completing program and taking 
exam, number of hours studied for exam, 
study aids used. 
 
Certified Financial Planners 
(CFP) certified exam success 
or failure 
Harrelson, G.L. 
Gallaspy, J.B. 
Knight, H.V. 
Leaver-Dunn, D. 
1997 Predictors of success on the 
NATABOC certification 
examination 
Overall GPA, athletic training GPA, 
academic minor, academic minor GPA, 
fraternity/sorority affiliation, ACT composite 
score, teaching vs non-teaching degree track, 
number of semesters of university enrollment 
 
National Athletic Trainers’ 
Association Board of 
Certification (NATABOC) 
certification examination first 
attempt success or failure 
Herndon, J.H.  
Allan, B.J. 
Dyer, G. 
Jawa, A. 
Zurakowski, D. 
2009 Predictors of Success on the 
American Board of 
Orthopaedic Surgery 
Examination 
OITE years 2-4 mean percentile score, OITE 
year 5 score, USMLE step 1 score, Alpha 
Omega Alpha election, number of honors 
received during clinical years in medical 
school, Dean’s letter, and faculty evaluations 
of resident performance 
 
ABOS Part I and 
ABOS Part II success or 
failure 
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Author(s) Year Title Independent Variables Dependent Variables 
Hoversten, M. 2011 Predictors of success on the 
national certification 
examination for graduate 
nurse anesthetists 
 
Age, gender, type of critical care background 
prior to admission to nurse anesthesia 
program 
Nurse Anesthetist 
certification exam success or 
failure 
Kain, K. 2010 Determining characteristics 
that increase success on the 
National Asthma Educator 
certification exam 
Practice setting, number of hours practiced 
per week in asthma education, coordination, 
or counseling; amount of time worked as an 
asthma educator, coordinator or counselor; 
location; highest education level completed; 
how the participant heard about certification 
 
National Asthma Education 
certification exam subsections 
1 – 4. 
Kim, P.Y. 
Wallace, D.A. 
Allbritton, D.W. 
Altose, M.D. 
2012 Predictors of success on the 
written anesthesiology board 
certification examination 
Gender; Under-Represented Minority status; 
type of medical degree completed  
First-attempt scores on USMLE Steps 1 & 2; 
Annual ABA-ASA ITE scores obtained 
during residency 
Biannual BSE scores 
ABA Part 1 examination 
scaled score 
Lary 1991 A critical analysis of 
variables that predict success 
in the Physician Assistant 
program of study and on the 
National Commission on 
Certification of Physician 
Assistants examination 
 
Age, ethnicity, gender, previous health care 
experience, academic degree prior to 
entering PA program 
PA program completion 
Passing the NCCPA board 
examination 
 
  
117 
 
Author(s) Year Title Independent Variables Dependent Variables 
McClintock, J.C. 
Gravlee, G.P. 
2010 Predicting Success on the 
Certification Examinations of 
the American Board of 
Anesthesiology 
Scaled score on ABA/ASA ITE;  
Gender; Medical degree (M.D. or 
D.O.); U.S. or foreign country of medical 
school; Known history of substance abuse; 
Number of unsatisfactory clinical 
competency committee reports; length of 
theaccreditation review cycle of the 
Accreditation Council for Graduate Medical 
Education 
 
Successful completion of 
ABA Part 1 and Part 2 
examinations in the shortest 
possible time after graduation 
Middlemas, D.A. 
Manning, J.M. 
Gazzillo, L.M. 
Young, Y 
2001 Predicting performance on 
the National Athletic 
Trainers’ Association Board 
of Certification examination 
from grade point average and 
number of clinical hours 
Overall GPA; Hours of clinical education 
(both at the time of application to take the 
certification exam) 
NATABOC certification 
examination success or 
failure 
Roehrig, S.M. 1988 Prediction of Licensing 
Examination Scores in 
Physical Therapy Graduates 
ACT composite and subscale scores, 
prerequisite GPA, non-prerequisite GPA, 
preadmission letters scores, interview score 
Overall raw score on the 
physical therapy examination 
Rollins, L.K. 
Martindale, J.R. 
Edmond,M. 
Manser, T. 
Scheld, W.M. 
 
1998 Predicting Pass Rates on the 
American Board of Internal 
Medicine Certifying 
Examination 
Internal Medicine In-Training Examination 
(ITE) scores 
American Board of Internal 
Medicine (ABIM) certifying 
exam scores 
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Author(s) Year Title Independent Variables Dependent Variables 
Shellito, J.L. 
Osland, J.S. 
Helmer, S.D. 
Chang, F.C. 
2010 American Board of Surgery 
examinations: can we identify 
surgery residency applicants 
and residents who will pass 
the examinations on the first 
attempt? 
Age, sex, Alpha Omega Alpha Honor 
Medical society status, class rank, honors in 
third-year surgery clerkship, interview score, 
rank list number, National Board of Medical 
Examiners/United States Medical Licensing 
Examination (NBME/USMLE) scores, 
American Board of Surgery In-Training 
Examinations (ABSITE) scores, resident 
awards, and faculty evaluations of senior 
residents. 
 
ABOS qualifying 
examination score 
ABOS certifying examination 
score 
Stewart, C.M. 
Bates, Jr., R.E. 
Smith, G.E. 
 
2004 Does performance on school-
administered mock boards 
predict performance on a 
dental licensure exam? 
 
Mock board exam score 
Clinical procedures 
Florida Dental Licensure 
exam success or failure 
Stewart, C.M. 
Bates, Jr., R.E. 
Smith, G.E. 
Young, L. 
 
2006 Impact of gender on dental 
state licensure examination 
performance 
Gender, Dental Admission Test (DAT) 
academic average, DAT Perceptual Ability 
Test (PAT); dental school entering & 
graduating GPA;  
Clinical productivity measures - the 
numbers of specific restorative and 
periodontal procedures completed during the 
clinical curriculum (details in article) 
 
Performance on the clinical 
and written portions of the 
state licensure examination 
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Author(s) Year Title Independent Variables Dependent Variables 
Utzman, R.R. 
Riddle, D.L. 
Jewell, D.V. 
 
2007 Use of demographic and 
quantitative admissions data 
to predict performance on the 
National Physical Therapy 
Examination 
 
Undergraduate GPA, verbal GRE, 
quantitative GRE, physical therapist 
education program, cohort, NPTE version, 
existing DPT degree, age ethnicity, gender 
National Physical Therapy 
Examination success or 
failure 
Yin, T. 
Burger, C. 
2003 Predictors of NCLEX-RN 
Success of Associate Degree 
Nursing Graduates 
Age at admission, gender, race, type of 
student, high school GPA, high school 
class rank, ACT composite score, college 
GPA, number of credit hours prior to 
entering the program, GPA at graduation, 
and performance on non-nursing courses 
NCLEX-RN success or 
failure 
Zaglaniczny, K.L. 1992 Factors Which Predict 
Performance on the National 
Certification Examination for 
Nurse Anesthetists 
Age, gender, science and overall GPA, 
length and type of nurse anesthesia program, 
number of cases, case hours, clinical 
background before entry, type of nursing 
preparation, years of clinical nursing 
experience, number of science hours in an 
anesthesia program, and highest degree 
obtained before entry into the nurse 
anesthetist program 
Overall score on the NCE and 
seven sub-component scores 
on sections of the NCE, 
which included basic 
sciences, assessment, 
preparation and planning, 
implementation, specialty 
procedures, equipment, and 
safety measures 
 
Appendix B: Instituti
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onal Review
 
 Board approval 
 
